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Reports 


NUCLEAR POWER PRODUCTION AND ESTIMATED 


KRYPTON-85 LEVELS 


J. R. Coleman and R. Liberace?’ 


Worldwide environmental levels of krypton-85 are projected to the 
year 2060, based on published estimates of population increase and 
prediction of world power needs. Factors considered include estimates 
of the growth of nuclear reactor power as a fraction of total power 


production based on population growth and per capita 


ower consump- 


tion, the “mix” of the reactor economy (thermal, thermal converter, and 


fast breeder systems), and the decay rate of k 


ton-85 inventory. 


Krypton-85 buiidup is discussed in relation to population dose and also 
to the possible effect of krypton-85 contamination on the uses of noble 


gases. 


In 1962, the National Academy of Sciences, 
National Research Council (1), stated that if 
worldwide industrial collapse due to the ex- 
haustion of fossil fuels and high-grade ores of 
metals within the next few centuries is to be 
forestalled, newer and larger sources of energy 
suitable to the requirements of large-scale in- 
dustrial operations will be required. 

With limited amounts of fossil fuels, with 
solar power an uncertain factor, and water 
power inadequate, nuclear energy alone appears 
of sufficient magnitude and adaptability to meet 
the world’s future energy requirements. Thus, 
the orderly development of nuclear fuels as a 
primary source of worldwide energy must be 
considered a necessity. We must, however, 
remain continually aware of the environmental 
consequences of this rapidly expanding indus- 
try—the potential long-term buildup of radio- 
active waste materials in man’s environment. 





* Mr. Coleman at the time of writing this article was 
chief of the Models and Predictions Staff Studies, 
Radiation Surveillance Center, and Mr. Liberace is a 
nuclear engineer associated with the Nuclear Facilities 
Environmental Analysis Section, Technical Operations 
Branch, both of the Division of Radiological Health, 
Public Health Service, Rockville, Maryland 20852. 
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Because of the difficulty of their economical 
removal during fuel reprocessing noble gases 
are of special interest. The removal of such 
gases at the present time involves costly tech- 
niques which are reasonable only if very small 
volumes or flow rates are used. From the stand- 
point of long-term buildup, only krypton-85 
with a half-life of approximately 10 years is 
of importance. Although the hazard associated 
with krypton-85 is not great, it was pointed 
out as early as 1959 that its long-term buildup 
in the environment would necessitate develop- 
ing methods for removing it from power re- 
actor fuel reprocessing off gases (2,3). 

Already, minor nonhealth-related indications 
of the possible future problems of environ- 
mental krypton contamination have been ob- 
served. Ostrowski and Jelen (4) reported that 
the krypton-—85 contamination present in com- 
mercial krypton as early as 1963 was a serious 
obstacle in the use of ionization detectors filled 
with this gas. Lasseart and Kellershohn (5) 
reported that krypton—-85 contamination of 
xenon was mainly responsible for the back- 
ground in a self-triggering spark chamber used 
in nuclear medicine. 
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Because of these implications and the possible 
radiation exposure to the population that might 
result from the long-term buildup of krypton- 
85, it is important that projections of the future 
environmental contamination be made. This 
paper presents an estimate of the magnitude 
of the levels of krypton-85 in air and the dose 
that would result from the long-term buildup 
in the earth’s atmosphere over the next 100 
years. 

The method of approach was first to project 
world power needs to the year 2060 and then 
estimate the fraction of these needs that might 
be met by nuclear fuels. Once the total world 
nuclear power was estimated, a mixed reactor 
economy made up of thermal, thermal con- 
verter, and fast breeder systems was used to 
calculate the resulting krypton—85 production 
and its buildup in the earth’s atmosphere as a 
function of time. 


World nuclear energy usage 


The major source of krypton—85 is expected 
to be the fission product gases released from 
plants processing spent nuclear fuel elements. 
In general, only a relatively small quantity 
would be released from actual reactor opera- 
tions (6,7) and nuclear explosions (8-10). 

For the purpose of this discussion it was 
assumed that the future production of krypton 
and the associated atmospheric contamination 
will closely follow the demands for nuclear 
electric power, nuclear ships, and other poten- 
tial large users of nuclear energy. Although 
nuclear power growth projections for the 
United States have been made through the year 
2000, and generalized projections to the year 
2060 (11), any prediction of future krypton-85 
levels in the earth’s atmosphere must be based 
on estimates of the growth of the total nuclear 
industry throughout the world. 

The method of estimating future nuclear 
power was based on an estimate of the total 
world input power requirements up to the year 
2060 and a judgment as to the portion of this 
power that might conceivably be nuclear. Total 
world input energy was estimated by two meth- 
ods. One was essentially the method used by 
Putnam (12) and the other utilized the data 
of Felix (13). To project world energy require- 
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ments by either of these methods requires a 
projection of both world population and annual 
per capita energy consumption. 

The expression used for projecting world 
input energy requirements by the method of 
Putnam is shown in equation (1). 


1 
WE=No (1+5No)’ Ro(1+8Ro)’ 7 (1) 


Input energy 
projection 





Population 
projection 


where WE=net world annual input energy re- 
quirements, BTU, 


N.=1947 world population, 


6N,=annual fractional increase in world 
population, 


R,=1947 world average annual output 
energy requirement, BTU/person, 


6R,=annual fractional increase in world 
output energy requirement, 


e(r) =weighted average efficiency of input 
energy use, 


and 7=time in years and using 1947 as a base. 


Estimates of the world input energy were 
made on the basis of three population projec- 
tions to 2050, one leading to a projected popula- 
tion of approximately 6 billion, another to a 
projected population of approximately 8 billion, 
and the third to a projected population of ap- 
proximately 14 billion. The first two of these 
projected populations were selected tu be con- 
sistent with the range of maximum plausible 
populations suggested by Putnam (12). The 
third value was selected to be in agreement 
with more recent population estimates made 
for the year 2000 by Cook (14). Cook esti- 
mated a world population of 5 to 7 billion by 
the year 2000, with a median value of approxi- 
mately 6 billion. The third population estimate 
used in this investigation was based on an extra- 
polation of Cook’s median projection to the 
year 2060. 

Consistent with Putnam, the 1947 average 
per capita annual input energy requirement in 
equation (1) was taken as 3.98 x 10’ BTU/ 
capitasyear (8.8 x 10° BTU/capita* year out- 
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put), and the annual fractional increase in 
world output energy requirements (8R,) as 
0.03. Although the rate of growth of world 
output energy demand is not constant and may 
be lower than 0.03, this value was selected by 
Putnam as a plausible contingency that must be 
considered. The weighted average efficiency 
[e(r) ], defining the relationship between usable 
energy (electric power) and thermal energy, 
was taken to be 0.22 in 1947, with a linear in- 
crease to 0.36 in 1980, and a constant value of 
0.36 from 1981 to 2060. As a result of increased 
industrialization, this changing efficiency was 
selected to reasonably represent the projected 
trend in weighted average efficiency for world 
energy use through the year 2060. The results 
of these calculations of world input energy 
demand are shown as curves l, 2, and 3 in 
figure 1. 

In calculating the world input energy re- 
quirements, utilizing the data of Felix, a chang- 
ing growth rate for per capita input energy 
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Figure 1. Estimated world input energy demand 
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demand was used. That is, as the level of in- 
dustrialization increases, the per capita con- 
sumption of energy increases but at a continu- 
ously slower rate. Thus, the calculations in- 
volve estimating the annual fractional increase 
in per capita consumption of energy as a func- 
tion of the changing per capita consumption 
itself. The values used ranged from 0.036 in 
1961 to approximately 0.010 in 2055. Annual 
per capita input energy requirements ranged 
from 4.06 x 10‘ BTU/capitasyear in 1961 to 
29.2 x 10° BTU/capita* year in 2060. 

Total world input energy requirements were 
then estimated by multiplying the estimated 
world per capita demand by the projected 
world population. Two population projections 
were used: the eight-billion estimate for the 
year 2050, and the median estimate based on 
Cook. The results of these calculations are 
shown as curves 4 and 5 in figure 1. In the 
remainder of this presentation, curve 2 in figure 
1 will be used to represent a reasonable balance 
of the estimates of world energy, while the other 
curves will be used to represent the upper and 
lower range of values that might exist. 

The fraction of the total world energy re- 
quirements supplied by nuclear power was esti- 
mated for the most part from consideration of 
the U.S. AEC Report to the President—1962 
(11).2 It was assumed that the world nuclear 
input energy might reasonably parallel the 
projections for the United States after the year 
2000. Thus, projections were first made for the 
period from 2000 to 2060, assuming that the 
fraction of the world total input energy sup- 
plied by nuclear power would be approximately 
the same as that projected for the United 
States. Consistent with the report to the Presi- 
dent, it was assumed that approximately 20 
percent of the total input energy requirements 
(somewhat less than 50 percent of the electrical 
energy) might be satisfied by nuclear fuels in 
the year 2000. This fraction would increase to 
nearly 50 percent by the year 2060, at which time 
essentially all of the electrical energy would be 
supplied by nuclear power. The data of Felix 
would yield a somewhat lower estimate of the 





* These predictions have already been exceeded by a 
factor of three for the past 3% years. 


617 








proportion of total energy supplied by electric- 
ity. However, the estimates from the AEC’s 
report to the President were selected as repre- 
senting a reasonable projection of future de- 
mands. 

For the period prior to the year 2000, it was 
assumed that the ratio of world nuclear energy 
to the United States nuclear energy would re- 
main essentially constant. This ratio, based on 
the projected world nuclear energy demand 
(curve 2, figure 1) and the U.S. projection for 
the year 2000 (11), was found to be 2.82, a 
quite reasonable value in that the total world 
energy usage has been roughly three times that 
of the United States for approximately 100 
years (12). The projected U.S. nuclear energy 
prior to the year 2000 was obtained from the 
report to the President. 

The resultant curve for estimated world 
nuclear energy is shown in figure 2. As previ- 
ously mentioned, curve 2 in figure 1 was used 
as the most reasonable balance between the 
upper and lower estimates. The upper and 
lower estimates are based on the extremes in 
the world energy projections from figure 1. It 
should be pointed out that the lower end of the 
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Figure 2. Estimated world nuclear energy 
(thermal), 1970-2060 
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curve is far more uncertain than it appears in 
the figure, due to the method of estimation. 


Krypton-85 production, atmospheric concentra- 
tion, and annual dose 


For the purpose of calculating krypton—85 
production, a mixed reactor system was as- 
sumed, since the fission yield of krypton—85 de- 
pends on the nuclear fuel used and the neutron 
energy. Three types of reactors were consid- 
ered as comprising the mixed system: 


1. Thermal (uranium-—235) 

2. Thermal converters (uranium-233, thori- 
um-—232) 

3. Fast breeders (plutonium-—239, uranium— 
238) 


It was assumed that up until 1980, the total 
reactor complex would be made up of thermal 
systems utilizing uranium—235. In approxi- 
mately 1980, thermal converters would come 
into use and shortly thereafter fast breeders 
would be introduced. The split in supplied 
power in the year 2000 was taken to be 7 per- 
cent, 33 percent, and 60 percent for thermal, 
thermal converters, and fast breeders, respec- 
tively (15). By the year 2020, the system would 
consist of approximately 20 percent thermal 
converters and 80 percent fast breeders, the 
suggested ratio of dynamic equilibrium (15). 

The general equation used to estimate kryp- 
ton—85 production is shown in equation (2). 


C=8.4X108 P;Y; (1—e>”) e* (2) 


where C=curies of krypton-85, 
P,=total nuclear power supplied by re- 
actor system i, Mw 
Y;=fission yield of krypton-85 for reactor 


system i, 
Y; (uranium-235, thermal) =0.00293 
(16), 
Y; (uranium-233, thermal) = 0.0058 
(16), 
Y; (plutonium-239, fast) =0.00076 
(17), 

\=decay constant for krypton-85 (1.84 
10-4 days ~), 

7=irradiation time (365 days), 

and t= cooling time (150 days). 
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With the system defined, the annual kryp- 
ton-85 production was calculated. The atmos- 
pheric concentration was then estimated by 
diluting the annual production into the total 
atmosphere and decaying the previous reservoir 
of krypton-85 by 1 year. The total atmosphere 
was taken to be 5.14 « 10% grams (18). The 
results of these calculations are shown graph- 
ically in figure 3, and as before are presented 
as a median and arange. A second upper range 
is also presented, based on the consideration of 
75 percent of the krypton—85 being released into 
the Northern Hemisphere and little interchange 
across the Equator. The 75 percent to 25 per- 
cent weighting is a rough estimate of the 
hemispheric population distribution beyond the 
year 2000. The concentrations are given in 
pCi/g of air, which corresponds roughly to 
1,000 pCi/m®* of air. Also shown in figure 3 
are a number of measured values of krypton—85 
in air (10) for comparison. In figure 4, the con- 
centrations have been converted to dose by use 
of the relationships in the National Bureau of 
Standards Handbook 69 (19). 


Discussion 


Although the primary interest of this pre- 
sentation is directed at the environmental 
buildup resulting from the long-term release of 
krypton-85 into the atmosphere, some discus- 
sion regarding the population and energy pro- 
jections is warranted. Any projection of dy- 
namic variables such as population or energy 
demand for periods as long as 100 years is 
fraught with uncertainties and it is difficult to 
reasonably assign probability or error to the 
values obtained. The projection must be based 
on past information; and inherent in this is the 
assumption that no dramatic changes in growth 
rates as related to past experiences will take 
place. In essence, Cook has stated that barring 
nuclear war, massive famine, worldwide catas- 
trophe, or some miraculous form of fertility 
control, the 7-billion total population predicted 
by the year 2000 seems likely (14). However, 
such population growth depends greatly on the 
ability of the world economy to support these 
large populations. 

Unless most of the inefficient farm cultures 
of underdeveloped nations transform to more 
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efficient patterns of farming, populations of the 
magnitude projected would appear implausible 
(12,14). It is inevitable, therefore, that large 
populations must also be characterized by 
higher industrialization and relatively high 
demands for per capita energy consumption. 
The economy projected for the world in the 
year 2060 would be very nearly the level of in- 
dustrialization of the United States today. The 
projections are based on past information and 
on estimations relating industrialization, en- 
ergy use, and estimated population growth. In 
as far as the data from past experience can 
characterize future trends, the projections of 
world input energy demands are believed rea- 
sonable. 

Throughout the presentation, several projec- 
tions of world energy demands have been used 
in order to present a range of levels of krypton- 
85 that might be reasonably expected. On the 
basis of present knowledge, it would be difficult 
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Figure 3. Estimated krypton-85 concentration in air 
1970-2060 
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to visualize levels of krypton-85 differing from 
the projected median estimate after the year 
2000 by more than an order of magnitude in 
the upward direction. Measures to reduce kryp- 
ton-85 levels, including extraction at the source 
or replacement of fission power by fusion power, 
might make a greater change downward. At 
present the predicted values shown on the curves 
of figure 3 are not in agreement with the meas- 
ured values of krypton—85 indicated by the 
single data points. This difference is due to 
inadequate knowledge of krypton—85 releases 
from fuel plants presently processing plutonium 
and other fissionable materials both in the 
United States and in other countries of the 
world. Since the quantity of fuel reprocessed by 
these government plants and by commercial 
plants cannot be estimated in the next few 
years, and because of the initial uncertainty in 
the delay between time when the fuel leaves 
the reactor core and the time when it is proc- 
essed in a commercial fuel reprocessing facility, 
the portion of the curves between 1965 and 1980 
will not accurately predict the levels of krypton— 
85 in the environment. 


The future buildup of krypton-—85 and the 
associated whole-body dose is characterized in 
figures 3 and 4. Although krypton-85 is not 
considered a significant health hazard at 
the present levels, by the year 2060 the resultant 
dose is estimated to be of the order of 50 milli- 
rads per year and may be as high as 100 milli- 
rads per year. From a public health standpoint, 
a dose of 50 millirads per year to the total popu- 
lation from krypton-—85 is acceptable if other 
sources of exposure are adequately controlled. 
This is several times the annual whole-body 
dose associated with fallout from past weapons 
testing, and approaches the guideline limits for 
radiation exposure of general population 
groups, i.e. 170 mrad per year. 


Also of importance is the possible effect of 
krypton-85 contamination on the uses of noble 
gases. From figure 3 it is estimated that the 
levels of krypton-85 contamination of the noble 
gases observed in 1963 (10) may be increased 
by roughly an order of magnitude by 1980; two 
orders of magnitude by 1990; and roughly three 
orders of magnitude by 2010. Table 1 presents 
the approximate specific activities for atmos- 
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Figure 4. Estimated annual dose from krypton-85 
1970-2060 


pheric krypton and total noble gases as cal- 
culated from the projection of figure 3. 

In considering table 1, the question arises 
as to what limitations these levels might impose 
on the production and use of commercial noble 
gases, aside from possible future health con- 
siderations. 

Our predictions indicate that krypton—85 re- 
mains as a potential future source of environ- 
mental contamination requiring evaluation by 
those concerned with the balancing of risks and 
benefits of nuclear energy. 








Table 1. Activity due to krypton-85 in 
atmospheric noble gases 
Esti- Projected future activity 
mated dpm/g noble gas 
Gas 1963 
activ- 
ity 1980 2000 2020 2040 | 2060 
(dpm/ ®)| | _ 
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FILM BADGE SERVICE PERFORMANCE! 


D. E. Barber? 


Approximately 2,000 film badges were irradiated with various types 
and energies of radiation to provide measures of film badge service 
accuracy upon which provisional performance control limits could be 
based. Exposures ranged from 2 milliroentgens to 497 roentgens. Film 
badge services 1) helped design the test procedures, 2) submitted badges 
for exposure, 3) reported exposure interpretations, and 4) assisted in 
determining provisional performance control limits. A measure of ac- 
curacy called an error factor was determined for each service for each 
type and energy of radiation in the test. These error factors are tabulated 
to show the accuracy of the film badge services tested. Frequency distri- 
butions of the error factors served as the basis for selection of provisional 
control limits to be used te define acceptable performance. 


Reported here are the results of the most 
extensive test ever undertaken of the perform- 
ance of film badge services. The test was con- 
ducted in 1965 by the National Sanitation Foun- 
dation (the Foundation) and included examina- 
tion of commercial and federal film badge serv- 
ices. The work was done in response to a 
general concern about the accuracy with which 
film badge services report radiation exposures. 


Procedures 


Twenty-five different organizations (one com- 
pany submitted two sets of film) each sub- 
mitted 80 badges to the Foundation for irradia- 
tion with the various types, energies, and doses 
of radiation shown in table 1. Twelve of the 
25 organizations were commercial film badge 
companies. After irradiations were completed 
by the Foundation, badges were returned to 
their suppliers for exposure evaluation. All 
services were informed of the test procedures 
to be used prior to the test. However, services 





*The work upon which this article is based was 
supported by the U.S. Public Health Service Contract 
No. PH 86-63-198 with the National Sanitation Foun- 
dation, School of Public Health, Ann Arbor, Michigan. 

* At the time of this study, Dr. Barber was assistant 
professor, Department of Environmental Health, Uni- 
versity of Michigan; he is now associate professor in 
the Environmental Health Department, School of Pub- 
lic Health, Mayo Hospital, University of Minnesota, 
Minneapolis. 
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had no prior knowledge of which badges were 
exposed to what type, energy, or dose of radia- 
tion. 

Irradiation techniques used in the test have 
been described in detail in other reports (1,2). 


Results 


Log-log coordinate graphs of reported (y) 
versus delivered (x) irradiations were prepared 
for each film badge service and each type and 
energy of radiation used in the test. Figure 1 
is an example of such a graph. 

An “error factor” was then determined as 
follows: first, the reported irradiation geomet- 
rically farthest from the line, y—x, was noted 
and omitted from further consideration. (See 
discussion). The point that lay next farthest 
from the line, yx, was then designated the 
“error factor point.” 

The “error factor,” Y./X,., was determined 
from the coordinates of the error factor point. 
This factor was used as the measure of ac- 
curacy of a service for each type and energy of 
radiation used in the test. Note that the error 
factor may be greater than 1.0, or less than 1.0 
(as in figure 1). The upper error band has the 
equation X= (X./Y.) Y, and the lower error 
band the equation X= (Y,/X.) Y. Although 
the error bands are geometrically equidistant 
from the perfect performance line, they do not 
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Figure 1. Example data showing a method of selecting 
the reported exposure used to determine the error factor 


represent the same percentage error. To illus- 
trate: an error factor of either 0.5 or 2.0 means 
that all but one of the points fall within minus 
50 percent and plus 100 percent of the delivered 
exposures. 


Error factors were computed separately for 
the gamma and beta components of mixed beta 
and gamma irradiations. 

The error factors for the different organiza- 
tions for each of the various types and energies 
of radiation in the test are shown in table 2. 
These data represent a measure of the present 
performance level of film badge services, and 
serve as the basis for the provisional perform- 
ance criteria given in table 3. The control limits 
in table 3 were determined as follows: 

1. The pooled frequency distribution (figure 
2) of all the error factors in table 2 was ex- 
amined. The error factors 0.20 and 1.80 were 
selected arbitrarily from figure 2 to be reason- 
able values for control limits for the film badge 
service industry as a whole. These error factors 
were chosen to encompass approximately 80 
percent of all the error factors in figure 2. 

2. The frequency distributions of the 
error factors for each type and energy of radia- 
tion in table 2 were then examined individually 
and qualitatively compared with the pooled 
distribution. If an individual distribution was 
broader than the pooled distribution, the con- 
trol limits, chosen from the pooled distribution, 

















_ Table 1. Film badge irradiations per film badge service * 














| | | 
} } | Number 
| | list HVL>| Effec- | Total | of film 
Group Radiation | Added filter | kVp or | 2nd HVL tive | Irradiation number | badges 
| (mm) | source | (mm) energy °| range of film | receiv- 
} | (keV) badges | ing >20 
| mrem 4 
ig Re gE aR a 68 | 1.05 Al 23 | 6-288 mR.-.._-- 9g 6 
| 2.00 | 
ae eee | 1 Cu+1 Al.....-. | 200 1.35 Cu | 90 | 3-186 mR 9 6 
3 | X-ray 1Sn+1Cu+Th | 270 4.10 Cu 175 | 9-287 mR 9 8 
II° 5.60 
4 | X-ray 1Sn+1Cu+Th | 270 4.10 Cu | 175 | 2-497 R 4 i 
Il 5.60 | 
5 | Gamma Capsule only f-_- - | 137Cs — | 662 | 11-305 mR- P 9 8 
6 | Beta .| Capsule only *_- | %Sr-Y — | — | 23-276 mrad i___ 9 9 
7 | Beta+ Capsule only #._..| ®Sr-¥ | | 
gamma Capsule only ‘ -| + 87s | — | 662 | 28-136 mR , 9 9 
8 | X-ray+ PE, | 68 | 1.05 Al | 23 | 17-390 mR____- 9 8 
gamma Capsule only £ | "Cs _ 662 
9 | Fast neutrons. | Capsule only »_. | Pu-Be _ — | 17-228 mrem. -- 9 | 8 
10 | None_- | Two controls for neutron film badges+ (NOW i 5. ce 4 | 0 
| two controls for all others 
t | 








to . 
> Half-value-layer. 
¢ Based on first HVL. 


“ re humidity during irradiations varied from 14 percent to 43 percent. Temperature varied from 23° 
27 


4 The decision to eliminate from the test all doses less than 20 mrem was made after all irradiations had been 


completed. 
¢ Th Il =0.4 mm Sn+0.25 mm Cu+1.0 mm Al. 


f The ' 7Cs source is encapsulated in 30 mils 303 S.S.+30 mils 321 8.8. 
& The *Sr-Y source has a 21 mg/cm? aluminum end window. 
h The neutron source is encapsulated in 100 mils of tantalum+30 mils of 304 8.8 


' Measured in air. 
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_____ Table 2. Error factors (encompassing all but one of the data points) for irradiations greater than 20 mrem 















































Radiation 
| 
175 keV X | 175 keV X | | pot | y of Fast Total 
Service code 23 keV X | 90 keV X low high Beta Gamma (B+y) | (8+7) X+y7 neutrons | asterisks 
exposure exposure 
Re ee ee 
1 ol 0.80 | *2.66 | 0.84 *0.50 #364 *0.22| *0.01 *0.04 *0.49 — 7 
| ELSIE ee Sa | 2.29 0.87 | 0.76 | 0.85 1.34 |  *0.69 | 1.58 *1.43 | 1.79 *0.04 4 
3. : 1.14 | 1.02 | 0.90 0.66 | 1.43 | 0.81 | 1.30 0.80 | 0.85 0.76 0 
rf ARS | #2118 0.71; 0.12] 0.44 *1.52|  *0.59 1.56;  *0.65 | 1.36 2.00 6 
ee a 0.79 | *0.41 | 0.76 | *>0.61 *1.74 1.31 | *0.01 | *0.43 | *0.44 *0.02 7 
| | | | 
ee | 0.22 | 0.83 | *0.53 | 0.83 #*2.50 | 0.82 *3..35 0.89 *0.52 1.26 5 
B32 -| 0.87 0.62 | 1.59 *1.68 1.30 *0.59 | 1.37 | 0.89 | 0.59 0.67 2 
Dekancvns ceankiiks | #300 | 0.61 | *0.46 | +*0.36 1.41 | 0.77| *0.02 | 0.64) 0.44 *6.70 7 
eS |  *0.54 | 0.61 *0.42 *0.02 *0.06 | 0.85; *0.01| 40.65 | — *4.42 7 
TistntSantieedurs | 1.13 1.03 0.83 | 1.05 1.09| = 0.82 | 0.85 | 0.72 | 1.10 | 1.59 0 
| | | 

RS ew 0.84 | *0.46 |  *0.50 0.63 1.41 | 0.80 | 1.77 | 0.82 | 0.83 | 0.80 2 
13. i 0.75 | 0.64 | +*0.53 | 0.67 1.28 0.76 | *0.01 *0.66 0.73 0.72 3 
a ok ihe ncn | 0.79 | 1.61 | 1.30| *0.52 1.29 | 0.88 | 1.46 | 1.12 | *0.49 1.30 2 
SSUES fe 1.05 |  *0.57 | 0.77 | 1.09 *0.10 0.78 | 0.87 | 0.89 0.46 +*0.23 | 3 
(| Et ait aa 1.50 | 0.88 | 0.68 1.15 0.93 1.22 0.61 | 1.29 | 0.68 #3.14 1 
16b | 1.37 | 0.92 | 0.75 0.91 1.22 1.19 | 0.81)  *1.45 | a pa 1 
CC, Jakks | 0.75 | 0.71 | *0.45 0.67 1. 0.78 | 1.30 | 0.73 | _ 1.31 1 
Oe ai Scrat | #081) 0.24] —-#0.28 *0.07 | *0.13 *0.33 | ft —| 40,22 | ~- 7 
Mee ki Ges cisco 0.80 | 0.60| +*0.54 0.70| *2.22 0.82| *2.45/ *0.29 | 0.63 | 1.92 4 
De vstic, Gare. 45h tee | 2.04 | *2.82| 2.16 0.73 | *2.01 #255 | 0.64 | 1.19|  *2.90 *0.01 7 
CONES 0 he | #0..42 | 1.59 | 0.64 | *>26.3 *0.43 *0.33| *0.02| *1.78| 0.24 | *0.01 8 
Me. crust tion | 1.09} *3.94 | 1.25 | *>1.20 *0.04 1.29 1.90 | 1.10} *0.52 *0.43 5 
23b- “| #011 | 0.79 | 1.08 1.40| *0.05 1.27 0.96 1.10} *0.48 |} —*0.34 | 4 
24_- 1.27 | 0.68 | 1.58!  *2.10 | 0.86 | 0.85 0.81 | 1.37 | 0.58 0.68 1 
SREP eR | #2.09 | 1.67 | *0.42 | *>1-82 | 0.69| *0.01| *0.02| *1.85| *2.27 *2.57 8 
SLE sist 0.90| *0.48/ 0.54 0.80 | 0.87 | 0.87 | 1.22 | 0.86 — | 0.59 2 
em cree Misia <8: soe aecnaliamed 
Total asterisks. ___- | 10 | 12 | 12 | 12 | 8 9) 1 | 11 | 11 104 

| 





Notes: 





Asterisks mean the error factor falls outside proposed control limits in table 3. see? inst 
Dashes mean the service either did not provide reports for the indicated radiation or was not tested for the indicated radiation. 


A ‘‘b’’ after the service code identifies film badges obtained through State health departments. 


these badges. 


were expanded and adopted for the radiation 
appropriate to the individual distribution. 
Similarly, if the individual distribution ap- 
peared narrower than the pooled distribution, 
the control limits applicable to the particular 
radiation in question were narrowed. 

After the control limits were adjusted, it 
was observed that greater than one-half of the 
services fell within the control limits in table 
3 for the individual types and energies of radia- 
tion in table 2. About two-thirds of the services 
demonstrated error factors which fell within 
the control limits for five or more radiation 
categories. 


Discussion 


This work involved the examination of film 
badge service performance for a number of 
radiation types, radiation energies, and irradi- 
ation ranges selected so that the majority of 
exposure conditions encountered in personal 
dosimetry were included. The data show that 
there is a rather broad gap between the better 
group and poorer group of services. The control 
limits would have to be expanded almost to the 
range of the error factors in table 2 to change 


November 1966 


Film badge services were not advised of the use of 


appreciably the number of services in table 2 
which demonstrated-error factors within all the 
control limits in table 3. 

It is not surprising that only two services 
demonstrated error factors which lay within 
all the control limits, because: 

1. The individual frequency distribution for 
each type or energy of radiation in table 2 
involved at most 26 error factors. This is a 
small number of observations for plotting fre- 
quency distributions. Where the observations 
were widely distributed, it was not clear what 
control limits should be chosen for the particu- 
lar radiation in question. 

2. Services demonstrated error factors over 
a broad range from one type of radiation to 
another. 

An arbitrary degree of freedom was intro- 
duced into the test by ignoring the reported 
irradiation farthest from the line y—x, figure 
1. This was done to reduce the likelihood of a 
service failing a subsequent test on a purely 
statistical basis. If the point farthest from the 
line y= x had been used as the basis for control 
limits, all reported irradiations in a category 
would be involved in tests against the control 
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limits, and chance would play a stronger role 
in the failure of services to meet the control 
limits in subsequent tests. On the other hand, 
had the point closest to the line y=x been used, 
only one out of nine reported irradiations in a 
category (1 out of 4 for the high exposure x-ray 
group) would be involved in tests against the 
control limits, and the likelihood of success in 
future tests for purely statistical reasons would 
be high. More tests will have to be made before 
the probability of successes in repeated tests 
can be determined statistically. 

A number of methods of analyzing the data 
were examined, but it developed that the simple 





analysis described proved sufficient for the 
present. The analysis does not require repli- 
cate exposures; it is simple and it permits a 
wide range of exposures to be examined with 
a small number of badges. Replicate exposures 
would provide services with clues to the correct 
answers but much larger numbers of badges 
would be required. Further, with no replicates 
it is difficult for film badge services to anticipate 
the results. 

The fact that the control limits adopted from 
this test are comparable with the interim control 
limits proposed by the Atomic Energy Commis- 
sion in 1963 (3) should not be construed to 
mean that the control limits proposed by either 
the Foundation or the AEC represent satisfac- 
tory performance in personal dosimetry. The 
control limits reflect only the present level of 
performance of film badge services. 

This and subsequent tests should enable film 
badge services to recognize and correct sources 
of error. As the services improve, the control 
limits may be narrowed. However, the extent 
to which they may be narrowed can be deter- 
mined accurately only with data from addi- 
tional testing. 
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Error factor shes ~- 1 error 
control limits band ¢ 
Radiation category > Irradiation range for test 
Upper Lower Upper Lower 
X rays, 15-30 keV.................. 20-600 mR ---......---- 1.50 0.67 50 33 
X rays, 0.03-0.2 MeV.............-- 20-600 mR-.......-.-.-- 1.70 0.59 70 41 
X rays, 0.15-0.2 MeV_............-.. gS RPOSERRSTEE 1.60 0.63 60 37 
Gamma, 0.2-3 MeV............---.-- 20-600 mR--..........- 1.40 0.71 40 29 
PELE cid pbedbbe cus cyckcnvesebens 40-600 mrad____......-- 1.50 0.67 50 33 
Beta of +7 Lb. phdinb ins kbnew ee 40-600 mrad_._.-...-.-- 2.00 0.50 100 50 
Gamma * of @+7........--....-...- 20-600 mR--.......-..-- 1.40 0.71 40 29 
SE Vis ce dagdebsecsenscud 2 SS See 1.90 0.53 90 47 
PRO, bin ccedicesé. wie apuced 50-600 mrem-----_...-.-.- 2.00 0.50 100 50 
*E ranges and types of radiation involved in the test are known to the film badge services but the type and 


wa Bede y = delivered to a specific badge is unknown. 


are described in detail in table 1. 
¢ Gamma rays of 0.2 to 3 MeV energy. 
4X rays of 15-30 keV. 

*1—[¥,/X,] 100. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both Fed- 
eral and State agencies to monitor the intake 
of various radionuclides in the total diet on a 
continuing basis. Although the total diet is the 
most direct measure of intake of radionuclides, 
indicator foods may be used to estimate dietary 
intake where specific dietary data are not avail- 
able. As fresh milk is consumed by a large 
segment of the U.S. population and contains 
most of the biologically significant radionuclides 
from nuclear test debris which appear in the 
diet, it is the single food item most often 
used as an indicator of the population’s intake 
of radionuclides. Moreover, it is the major 
source of dietary intake of short-lived radio- 
nuclides. In the absence of specific dietary in- 
formation, it is possible to approximate the 
total daily dietary intake of selected radio- 
nuclides as being equivalent to the intake repre- 
sented by the consumption of 1 liter of milk. 
More direct estimates of dietary intake of 
radionuclides than those furnished by indica- 


tor foods can be obtained by analyses of the 
total diet or representative principal food items 
or groups combined with appropriate consump- 
tion data. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear opera- 
tions, assuming continuous exposure from in- 
take by the population at large (1-3). The 
RPG’s do not and cannot establish a line which 
is safe on one side and unsafe on the other; 
however, they do provide an indication of when 
there is a need to initiate careful evaluation of 
exposure (3). Additional guidelines are pro- 
vided by the FRC Protective Action Guides (4) 
and by the International Commission on Radio- 
logical Protection (5,6). 

Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a continu- 
ing nature. Routine milk sampling has been 
defined as one or more samples collected per 
month. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various National and International organiza- 
tions routinely monitor radionuclide levels in 


Program 


Period reported 


milk. In addition to the programs reported 
below, Radiological Health Data and Reports 
coverage includes: 


Last presented 








Radiostrontium in milk, HASL 


July—December 1965 


June 1966 





1. Pasteurized Milk Network 
July 1966 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) was designed to provide 
nationwide surveillance of radionuclide concen- 


trations in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State, the 
Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 
December 1965 issue of Radiological Health 
Data (1). 
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Figure 1. Pasteurized Milk Network sampling stations 
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Table 1. Average concentrations of radionuclides in pasteurized milk for the second quarter and July 1966 * 




































































Strontium-89 Strontium-90 Cesium-137 Iodine-131 Barium-140 : 
(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling location 
Second July | Second July Second July Second July Second July 
quarter>| 1966 quarter 1966 quarter 1966 quarter 1966 quarter 1966 
1966 1966 1966 1966 1966 
Al | OTT OPT Cee TE eT TT eT Ee <5 12 12 25 25 10 0 0 0 
Alaska Se eee re | <5 15 14 40 30 0 20 0 0 
Ariz As 5 os 5.06 05506 KdoK0K0 bE 553 s0cb0086 | <5 3 10 10 0 0 0 0 
Ark: DD PREM oo s so ucees copddwinhabesse secu 10 32 24 40 30 40 0 10 0 
Calif: UNO, 000 oonccssendnessbesdose5sses <5 9 5 15 15 0 20 0 0 
Py PURMMINOD, cdnd a cactenduwdrdscseawcss <5 9 3 20 15 0 0 0 0 
| 
C.Z Ds ii 5s Nresendaad tanec cs Ceees ge 4 4 20 15 0 0 0 0 
Colo: Di «bosch cdicdeaeee tabeontsandsaten \ <5 11 8 25 20 0 0 0 0 
Conn eee | 13 11 40 35 0 0 0 0 
Del: . | ase ar — <5 17 13 40 30 0 0 0 0 
D.C: PRs 5. on cnc wes debbakecensceeness <5 13 12 30 25 0 0 0 0 
Fla: Riis. ono 44de sec dbasehn seen ues | | <5 10 10 125 125 0 0 0 0 
| 
Ga DRM s . csccec =. scteieceadsc issee-tiie | 5 20 19 40 40 10 0 0 0 
Hawaii NS ca kn ou aes bee Sequsnnss sb ncokslbs | <5 6 5 30 20 0 0 0 0 
aho I ot. binws « 66066 bs + bie oen dei om } <5 14 6 40 25 0 0 0 0 
Ill: Cn chGnurcdbeahspddseuueds onde nz <5 13 uy 35 25 0 0 0 0 
Ind IN oid 3 digs. <'p nhs bane 543500e0aRn } | 5 13 11 30 20 20 0 0 0 
lowa: BIS Bax anus secsun shui cetiabaal | 5 16 15 30 20 10 0 0 0 
Kans: Tn do 6 buds sdacksunwdsceccdcatusak | <5 14 12 20 10 20 0 0 0 
Ky: Gs ck ob kk oan sencietis k= cheb ae | } 10 19 15 20 15 0 0 0 | 0 
La: NN | cnn gnc cc sacnnducbht besvasen | 10 32 37 | 45 65 0 0 0 0 
Maine: ass anubwon6ale4 sone stags seusneet } <5 16 18 70 60 0 0 0 0 
Md: Os vans ta ccuddsséugnteneéccése cde | | <5 15 13 30 25 0 0 0 0 
Mass i. hangs Siete Luton tou bud Acnyed | | <5 17 15 60 60 0 0 0 0 
Mich: rns p obkees aedesbutkes cass. beden | <5 12 9 30 25 0 0 0 0 
SE PEED s annie 04 6checbebubés-ssnbee | <5 16 14 45 35 0 0 0 0 
Minn: PIDs oc kiic « ba tenet cwdws.sdtuecs | 5 23 21 40 35+ 0 0 0 0 
Miss: PE. ve ud chicdstansnhwes se 6nueusees On 10 26 22 30 30 10 0 0 0 
Mo: DE cc acocmosnasashs saneceseasda 10 17 13 25 15 30 0 0 0 
Eb <0b6ceckeethsectsebétecegunecen | 15 19 17 30 25 30 0 0 0 
Mont: Co!) tones .edeeansenenaeane al <5 14 12 55 30 0 0 0 0 
Nebr: Omaha-.--. - badece 10 15 13 30 20 10 0 0 0 
Nev: Ph C.. ia ncdaunsinteand aeeceuamensncn <5 6 4 25 10 0 0 0 0 
N.H: Manchester. ___-- --- nani | <5 17 23 80 95 0 0 0 0 
N.J: Wah 6scceaecbbnsdabeeds 7 <5 13 12 30 25 0 0 0 0 
ee ere | | <5 6 5 20 10 0 0 0 0 
N.Y: Buffalo_____--- OES AP Ne ee . <5 12 11 40 25 0 0 0 0 
New York_-_--- er : i Pee <5 15 15 40 35 0 0 0 0 
Syracuse _____---- | <5 13 11 40 25 0 0 0 0 
N.C: Charlotte. ____- | 20 21 30 30 20 0 0 0 
ee eer eee “CSCC EF tF | 5 34 21 40 25 0 0 0 0 
Ohio: Gees... . sas ance og S ae | | <5 15 12 25 15 0 0 0 0 
GNU a cnc ics cembodsaccstcesd | <5 14 12 35 25 0 0 0 0 
Okla: Oklahoma City - - - a Pre eis ‘ <5 14 11 20 15 20 0 0 0 
Ore: ) tare schbbes Lake «dean | <5 14 12 40 30 0 0 0 0 
Pa: Philadelphia- -- - - - - - wahs Eeeud <5 14 13 35 25 0 0 0 0 
Pittsburgh - - - - - penee - én “e | <5 19 19 45 25 0 0 0 0 
P.R: San Juan....-.-.- is cola ea SS ioe | <5 8 7 25 20 0 0 0 0 
R.I: POU is onc ova we ccdiswtdiccnasisi« =~ | <5 15 17 45 45 0 0 0 0 
| | 
S.C: IONE boc ws dakecncned ae <5 21 21 50 55 20 0 0 0 
8. Dak: BEE SNe. owe ncanscdancee : has a sisi | | 10 21 | 16 45 30 0 0 0 0 
Tenn Chattanooga__-_- siuk eon ae ~ | 5 21 20 30 30 0 0 0 0 
Mempbhis___ 5 19 16 20 15 20 0 0 0 
Tex SL eetdincinnbendse 4 : <5 6 5 15 10 0 0 0 0 
aa <5 | 16 10 25 15 20 0 0 0 
Utah RD CD nn co cccc ds cu nsccesesosesss <5 12 10 35 25 0 0 | 0 0 
Vt: IN oc5 Sti oleKy. ks ckeghena <5 14 15 50 | 40 | 0 0 | 0 0 
Va: Norfolk _ . Kithtineee ee , anes | <5 16 16 30 25 0 0 0 0 
Wash: Seattle. ___ ciated 5M ‘om okewta | | <5 18 23 55 65 0 0 0 0 
SS Ee ee wedi <5 18 16 40 40 0 10 0 0 
W. Va: NS SOS ee ee a pean dipole <5 17 15 20 20 0 0 0 0 
Wis: Milwaukee _ ____- / NE <5 10 9 40 25 0 0 0 0 
Wyo: eS aS Bs | <6 12 11 30 30 0 0 0 0 
Network average...........-.----- wneeeseannntunel <5 | 15.2| 13.4 36 30 5 | 1 0 | 0 





* Calcium analyses were discontinued as of March 1966. 


> Quarterly averages are not reported since monthly averages for April were not calculated as only 10 percent of the samples were analyzed for 
strontium-89. 
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Table 2. Frequency distribution, strontium-90 
concentrations in milk at Pasteurized Milk 
Network stations, July 1965 and February-July 1966 


Table 3. Frequency distribution, cesium-137 
concentrations in milk at Pasteurized Milk 
Network stations, July 1965 and February-July 1966 
































Number of stations | Number of stations 
Strontium-90 Cesium-137 
(pCi/liter) 1965 1966 (pCi/liter) 1965 1966 
July | Feb | Mar | Apr | May | June | July July | Feb | Mar | Apr | May | June | July 
3 Se 8 9 9 8 10 9 14 2 ae | 34 56 56 55 51 56 56 
DP itcriensesusced 34 46 44 50 38 41 39 SSS 25 6 6 7 1l 6 6 
=e 18 7 7 3 12 10 I a ip nt peta whe 3 1 1 1 1 1 1 
ichhanetwecaete 3 1 3 2 3 3 1 Ss inn wine ws 1 0 0 0 0 0 0 
TOPs xthabekwscecne 0 0 0 0 0 0 0 | = eee 0 0 0 0 0 0 0 
































The results for July and the second quarter 
of 1966 are presented in table 1. The average 
monthly radionuclide concentrations are based 
on results obtained from samples collected 
weekly. However, because of the Chinese nu- 
clear detonation, the sampling frequency was 
increased to twice a week from mid-May until 
the end of June. If radionuclide values were 
below minimum detectable concentrations (1), 
averages were calculated using one-half the 





minimum detectable value; however, for io- 
dine-131 and barium-140, zero was used for 
averaging purposes when concentrations were 
below minimum detectable levels. 

For comparative purposes, distributions of 
strontium-—90 and cesium-137 are presented in 
tables 2 and 3 for July 1965 and February 
through July 1966. The average strontium-—90 
concentrations in pasteurized milk from se- 
lected cities are presented in figure 2. 
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Figure 2. Strontium-90 concentrations 
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2. Canadian Milk Network 
July 1966' 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered 
milk was originally sampled, but liquid whole 


strontium-90, cesium-137, and stable calcium 
and potassium. The analytical procedures were 
outlined in the December 1965 issue of Radio- 
logical Health Data (2). 

The July 1966 monthly average strontium- 
90, cesium-137, and stable calcium and potas- 
sium concentrations in Canadian whole milk 
are presented in table 4. lIodine-131 and 
strontium-89 concentrations were below mini- 
mum detectable levels. 


Table 4. Stable elements and a aaa in 









































milk has been sampled since January 1963. At Canadian whole milk, J 

present, 16 milk sampling stations (figure 3) ; Calcium | Potassium} stron- | Cesium 
are in operation. Their locations coincide with ee (a/liter) | (/lier) | tOu liter) | (pCi liter) 
air and precipitation sampling stations. 

Milk samples are collected three times a week Edmonton desnsecnnone 1:08 1:8 is Ht 
from selected dairies and are combined into 5 ge aaa a 107 16 93 68 
weekly composites. The contribution of each ll eS a | 141 1.6 20 50 
dairy to the composite sample is directly pro- Ottawa 722722772272] iis; ia 33 
portional to the liquid volume of sales. Weekly  ¥*e*---------------- ad ty _ ” 
spot check analyses are made for iodine-131, Soha’, Nad <--->2-- 1:09 ie} 44 167 
and monthly composites are analyzed for Soh cicc----] | 1:88 ‘3 = = 

, 1.08 1.6 7 28 

*P red from July 1966 monthly report “Data Windsor. mbdhlidgsoosod 1:12 ie is ‘9 

repa indsor----......--... . . 
from Radiation Protection Programs,” Canadian De- Weneigee-.------------ 1.04 4.8 Se bad 
— of National Health and Welfare, Ottawa, Mivin ns cinassvnses 1.09 1.6 18.4 56 
anada. 
Ry 
< 
4 
s 
Sey *, 
Mi 
Fy 
\ 4 \ ST.JOHN'S 
vancouver® @PNONTON I =f \ Ae 
F > civ@ @*A5KATOON 2 } 
/ @ WINNIPEG 
on REGINA & wea deh a 
FORT WitLAM® — OTTAW 
EI SAULT STE. Pa We at 
tS O at Of 
Ra's ° 
aie); @ SAMPLING STATIONS 
SA 
Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
July 1966 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member 
countries (figure 4). Information on the samp- 
ling and analytical procedures employed was 
presented in the December 1965 issue of 
Radiological Health Data (3). 

Table 5 presents stable calcium and potassi- 
um, strontium-89, strontium-90, iodine-131, 





cesium-137, and barium-140 monthly average 
concentrations for July 1966. 





ao: ST > ao JUAN 


INGSTON 






0 200 400 
pe ee | 
Scale in Miles 











Figure 4. Pan American Milk Sampling Program locations 


Table 5. Stable element and radionuclide concentrations in PAHO milk, July 1966 











Sampling location Calcium Potassium |Strontium-89/Strontium-90) Iodine-131 | Cesium-137 | Barium-140 
(g/liter) (g/liter) (pCi/liter) | (pCi/liter) | (pCi/liter) | (pCi/liter) | (pCi/liter) 
Ecuador: 
Guayaquil— 
Zone 1 * (9) >___- 1.58 <5 1 18 5 <10 
Zone 2 (3). _...-- 1.49 <5 1 40 <5 <10 
Zone 3 (2)__..--- 1.54 <5 2 <10 8 <10 
Jamaica: 
inesten..........- 1.15 1.50 30 9 10 100 10 
Mandeville -- -._--_- NS 
Montego Bay ------ NS 
Venezuela: 
Caracas (July) - -- -. 1.10 1.55 <5 6 <10 5 10 
June 1966°___.__- 1.08 1.45 <5 q <10 10 <10 
Canal Zone: 
Cristobal.......... — — <5 4 0 15 0 
Puerto Rico: 
Sarr —_ _ <5 7 0 20 0 


























* Averages are calculated by | the ‘same wethed as that used for the Pasteurized Milk Sampling Network. 


> Numbers in parentheses i 





¢ Data received too late for inclusion in October issue. 
NS, no sample repoi 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or 
expanding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs supported by functional radiological 
health laboratories. 

The continuing efforts of State health de- 
partments in the analysis and monitoring of 


State milk network 


Period reported 


radionuclides in milk complement Federal milk 
surveillance activities. State milk surveillance 
activities are continually undergoing develop- 
mental changes at this time. The results pre- 
sented herein are representative of dietary in- 
take of radioactivity. 

In addition to the State milk networks pre- 
sented herein, programs previously covered in 
Radiological Health Data and Reports include: 


Last presented 











California 
Colorado 
Florida 
Oklahoma 
Oregon 
Texas 
Washington 


January—March 1966 
May 1965—June 1966 
April—June 1966 
April-June 1966 
January—March 1966 
April-June 1966 
January—March 1966 


September 1966 
October 1966 
October 1966 
October 1966 
September 1966 
October 1966 
September 1966 





1. Connecticut Milk Network 
April-June 1966 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been monitoring pasteurized milk for stron- 
tium-89 and strontium-90 since April 1960. 
In May 1962, the program was expanded to 
include the determination of gamma-emitting 
radionuclides in milk. 

The sampling program is flexible in nature, 
providing for sampling in five areas of the State 
(figure 1). At the present time, weekly samples 
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representative of milk sold in the central area 
of the State are collected and analyzed for 
strontium-89, strontium-90, and gamma emit- 
ters. Concentrations of iodine-131 are deter- 
mined as an indication of the presence of radio- 
activity of recent origin. 

Strontium-89 and strontium-—90 are deter- 
mined by chemical separation. Iodine—131 and 
other gamma emitters are determined by 
gamma-scintillation spectrometry. 

The monthly average concentrations of stron- 
tium-89, strontium—90, iodine-131, and cesium— 
137 in central Connecticut pasteurized milk are 
presented in table 1. Results obtained since 
1962 are presented graphically in figure 2. 
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Figure 1. Connecticut pasteurized milk sampling areas 


Table 1. Radionuclide concentrations in central 
Connecticut milk, April-June 1966 














Concentration, pCi/liter 2 Recent coverage in Radiological Health Data and 
Month 1966 Reports: 
Stron- Stron- Iodine- Cesium- 
tium-89 tium-90 131 137 Period Issue 
Annual summary 1963 September 1964 
April... ...------------ s} 8 $8 4 Annual summary 1964 May 1965 
aR Sp ataaerEG + <i 14 <10 30 Annual summary 1965 May 1966 
January—March 1966 August 1966 

















CENTRAL CONNECTICUT 


CONCENTRATION (pCi /liter) 














Figure 2. Radionuclide concentrations in central Connecticut pasteurized milk 
1962-June 1966 
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2. Indiana Milk Network 
April-June 1966 








Bureau of Environmental Sanitation 
Indiana State Board of Health 


NORTHEAST 


| 

| NORTHWEST 

The Indiana State Board of Health began | 
sampling pasteurized milk for radionuclide anal- 
ysis in September 1961. The State was geo- | 
! 

| 

! 

| 





ounio 


graphically divided into five major milksheds: 
northeast, northwest, central, southeast, and 
southwest (figure 3). One large dairy within 
each milkshed was assumed to be representative 
for sampling purposes. 

The milk samples are analyzed monthly for 
strontium-89 and strontium—90. Iodine—131, 
cesium-137, and barium-140 are analyzed : 
weekly for at least two of the milksheds. When SOUTHEAST 
iodine-131 concentrations exceed 100 pCi/liter, 
the sampling frequency is increased. From 
August 1963 to April 1966, because of the 
continued low concentrations of short-lived 


CENTRAL 


HLLINO'US 


KENTUCKY 











radionuclides, the sampling frequency was once eres 

a month for northeast, southeast, and south- Vd 

west milksheds. seas 
Strontium-89 and strontium-90 concentra- 

tions in milk samples are determined by ion Figure 3. Indiana pasteurized milk sampling areas 


Table 2. Radionuclides in Indiana milk, April-June 1966 














Sampling locations 
Element and month 
North- | South- | Cen- | South- | North- | Aver- 
east east tral west west age 
Calcium (g/liter) 
} eae” Fe! 1.20 1.20 1.17 1.20} 1.17 1.19 
Tin digdimawncederell 1.16 1.14 1.14 1,14 1.14 1,14 
REET 1.20 1.18 1,20 1.18 1.20 1.19 
Potassium-40 (pCi/liter) 
Th sithatisoan ee , 1,360 | 1,310 | 1,310 | 1,320 | 1,330 
eae 1,390 | 1,450 | 1,350 | 1,320 | 1,370 | 1,380 
Pena e chit iimeiens 1,300 | 1,400 | 1,330 1,330 | 1,340 
Strontium-89 (pCi/liter) 
O_ Mietiet Oy. Se ae 0 0 0 0 0 
ROE 0 0 0 0 0 0 
Ps <dbkominagooe 10 25 5 10 10 
Strontium-90 (pCi/liter) 
BEE cavedidedcasetio Q 13 ll 12 10 ll 
i benetestoceees 1l 13 ll 16 13 13 
P| EERE RRS 20 18 18 24 18 20 
Iodine-131 (pCi/liter) 
po SENS 0 0 0 0 0 
DP dantdchvds teres 40 35 70 20 100 50 
Pe dirawantimwoen 10 10 40 10 40 20 
Cesium-137 (pCi/liter) 
April. ..-- was victsiewlnind 25 30 25 25 30 25 
Dé idbincscweinse 35 35 30 40 35 
Sh sssvtiteases 25 35 20 25 35 30 
Barium-140 (pCi/liter) 
April. .... = osnenee 0 0 0 0 
iicindibdiinpedthdannt 0 10 10 0 20 10 
| | FORTE: 0 10 0 10 
i 
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exchange separation (1,2), while iodine—-131, 
cesium-137, and barium-140 are determined 
by gamma-scintillation spectrometry (2). 

The monthly radionuclide concentrations in 
Indiana pasteurized milk are presented by geo- 
graphical areas in table 2 for April through 
June 1966, and reflect the mainland China atmo- 
spheric nuclear test of May 9, 1966. 

The monthly network average concentra- 


tions of strontium-—89, strontium-90, and ce- 
sium-137 are presented graphically in figure 4. 


Recent coverage in Radiological Health Data and 
Reports: 


Period Issue 
September—December 1964 

and summaries 1961-1964 May 1965 
Annual summary 1965 May 1966 


January-March 1966 August 1966 





CONCENTRATION ( 9Ci/Winee) 
: 
T 














Figure 4. Radionuclide concentrations in Indiana pasteurized milk 
1961-June 1966 
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Figure 5. Michigan 
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milk network sampling stations 
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3. Michigan Milk Network 
January-June 1966 


Division of Occupational Health 
Michigan Department of Health 


The Michigan Department of Health began 
sampling pasteurized milk for radionuclide 
analysis in November 1964. Under this pro- 
gram, weekly pasteurized milk samples are col- 
lected in the seven major milk-producing areas 
in the State: Charlevoix, Detroit, Grand Rapids, 
Lansing, Marquette, Monroe, and Saginaw (fig- 
ure 5). Milkshed samples are composites from 
dairies in proportion to sales volumes. 

Strontium-90 concentrations are determined 


by an ion exchange method (4). Potassium—40, 
iodine-131, cesium-137, and barium-lantha- 
num—140 concentrations are determined by 
gamma-scintillation spectrometry (4). 

Table 3 presents the monthly average radio- 
nuclide concentrations in Michigan pasteurized 
milk. Strontium-—90 and cesium-137 concentra- 
tions since 1962 are presented graphically in 
figure 6, to show general trends. 


Previous coverage in Radiological Health Data and 
Reports: 


Period Issue 


November 1962—December 1964 September 1965 
January—June 1965 November 1965 
July—December and annual 

















summary 1965 May 1966 
Table 3. Radionuclides in Michigan pasteurized milk, January-June 1966 
Concentrations, pCi/liter 
Location Month 1966 
Potassium-40 | Strontium-90 | Iodine-131 Cesium-137 Barium- 
lanthanum-140 
Charlevoix----_....- .| January---- 1,370 15 <14 34 0 
February. -- 1,380 13 <14 41 0 
March- ---- 1,370 ll <14 40 0 
rm 1,380 12 <14 39 0 
Sele 1,390 NA <14 36 0 
ee 1,370 16 <16 33 0 
ic ice whe January. -- 1,320 NA <14 24 0 
February. -- 1,350 8 <14 27 0 
arch... .. 1,360 7 <14 28 0 
April__..- 1,340 6 <14 60 0 
eet eae 1,360 NA <14 29 0 
| ES: 1,320 10 <14 23 0 
Grand Rapids-----.-_-- January---- 1,350 NA <14 34 0 
February- 1,350 10 <14 38 0 
March- ---- 1,370 10 <14 40 0 
April... 1,400 <14 44 0 
/ ae 1,360 NA <14 46 0 
Pe cannes 1,340 13 <14 33 1 
ET January. --- 1,350 & <14 28 0 
February- -- 1,330 8 <14 30 0 
March. -.-- 1,380 7 <14 34 0 
Agee... 1,320 <14 35 0 
| SAGE ee 1,320 NA <14 36 0 
SAS 1,300 g <14 24 0 
Marquette........... January-.--- 1,380 NA <14 48 0 
February. -- 1,370 18 <14 63 0 
March. ---- 1,370 19 <14 60 0 
co 1,380 NA <14 61 0 
* RSPR? 1,340 NA <14 68 0 
Re 1,340 NA <14 1 
Mente8 i. sinc casetuen January. --- 1,360 5 <14 19 0 
February. -- 1,320 6 <14 22 0 
March. - -.- 1,350 <14 23 0 
pe 1,360 6 <14 29 0 
WE dca 1,370 NA <14 25 0 
June.....-- 1,370 10 <14 24 0 
Gaetan ..4-.<casiacee January---- 1,360 S <14 23 0 
February. -- 1,370 7 <14 29 0 
March. - -.-- 1,390 7 <14 31 0 
Bedwe a 1,350 6 <14 34 0 
a Gilbaie aa 1,340 NA <14 33 0 
PUB icine xa 1,310 ll <14 27 0 
pS January-..- 1,360 9g <14 30 0 
February-- 1,350 10 <14 36 0 
March. ---- 1,370 yg <14 37 0 
* 1,360 8 <14 43 0 
DIRS scare 1,350 NA <14 39 0 
OER 1,340 12 <14 32 0 























NA, no analysis. 
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4. Minnesota Milk Network 
April-June 1966 





Division of Environmental Health 
Minnesota Department of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a pasteurized milk net- 
work to monitor strontium—90 concentrations. 
Presently, monthly samples are collected from 
eight sampling locations in milksheds geograph- 
ically the same as the Minnesota health districts 
(figure 7) and analyzed for strontium—90, 
iodine-131, and cesium—137. One-liter samples 
of processed Grade-A fluid milk are collected 
at bottling machines in pasteurization plants. 
The samples are customarily collected in the 
cities where the Minnesota Health Department 
district offices are located. However, it is some- 
times convenient to collect at other locations. 
Such samples are considered representative of 
the district concerned. Figure 7. Minnesota milk sampling locations 
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eg a hades ieee” in of the Minnesota Department of Health and the 
esota MK, -June . ° ° 
Rural Cooperative Power Association (5). 
Sampling location Month 1966 Strontinm-90 Coslame, 187 Strontium-90 and cesium-137 concentr ations 
(pCi/liter) | (Ci/liter) in milk are given for April through June 1966 
Bemidji.........--..| April....- 26 97 in table 4, and iodine-131 concentrations in 
aE Sc coe 30 53 table 5. They are presented graphically by 
a Se 12 62 milkshed in figure 8, for the period 1962 
ia 12 25 through June 1966. 
Rochester... ....---- April... 9 46 
DP cnwads juad 15 29 
ee 16 28 
"| RE eb oe. 31 96 Table 5. Iodine-131 concentrations in 
Dardis 26 79 Minnesota milk, April-June 1966 
| ok RES 34 93 
Worthington... ..... April. ...-...--- 12 32 Collection point Collection Iodine-131 
8Y.-.-------- 13 30 date 1966 (pCi/liter) 
BG aS iin eid 14 34 
Minneapolis... -- - - .- a 17 57 TRE SE AL ER April 4 12 
@y.....------ 22 41 May 1 13 
Cee 16 43 June 1 48 
Fergus Falls.........| April....-..---. 16 Sn NNN eS 1} 
Piahinensdadan 14 37 
PUM. See cess 14 32 pon A Ge ee ee June 6 13 
Little Falls..........| April.........-- 19 ene ee oH 
ay.-.-------- 21 54 NS oR is cra ule dink ound ae June 8 13 
pas ae 18 41 
AVGEOED« «oa ccoccsee April___.- 18 65 
Siawideaces 19 46 
i clsss cnn nc 19 44 
Previous coverage in Radiological Health Data and 
: : Reports: 
Strontium-90 concentrations are determined P 
4 ; ee S Period Issue 
radiochemically, while iodine-131 and cesium- pee mg —— 
j “ July-December 1964 July 1965 
137 concentrations are determined by gamma- January-June 1965 January 1966 
scintillation spectrometry. The analytical pro- sh meg ogy annual May 1966 
cedures are presented in the semiannual report January-March 1966 August 1966 
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5. New York Milk Network 
January-June 1966 


Division of Environmental Health Services 
Department of Health, State of New York 


Pasteurized milk samples collected routinely 
from six cities (figure 9) are analyzed for 
strontium-89, strontium-90, iodine-131, and 
barium-lanthanum-140 by the New York State 
Department of Health. At Buffalo, Newburgh, 
and Syracuse, milk samples are collected daily 
from processing plants, and composited weekly 
for radiochemical analysis. At Massena, sam- 
ples are composited biweekly, while in New 


Table 6. Strontium-89 concentrations in 
New York milk, January-June 1966 


York City a milk sample representing the total 
milk supply for 1 day is obtained and com- 
posited weekly for analysis. The Albany sam- 
ple, taken at a marketing point, is analyzed 
daily for iodine—131 and other gamma-emitting 
radionuclides before being composited into a 
weekly sample. In the event that any sample 
contains iodine-131 concentrations exceeding 
100 pCi/liter, increased surveillance is under- 
taken. 

Gamma-emitting radionuclides in milk are 
determined by scintillation spectrometry and 
the application of a matrix method of analysis 
(6) to the resultant spectral data. 

The analytical procedure for determining 
strontium-89 and strontium-—90 concentrations 


Table 8. Iodine-131 concentrations in 
New York milk, January-June 1966 























Strontium-89, pCi/liter 
Sampling location 
Jan- Feb- | March} April | May | June 
uary | ruary 
tiedinccawel NA NA <3 <3 <3 6 
SRS <3 NS NS NS NS NA 
GREETS NS NS NS NS NS NS 
SAI <3 <3 NS <3 <3 4 
Clarktown____.--.---- NS NS NS NS <3 <3 
East Otto- -_- ‘see NS NS NS NA NS NS 
Massena - _ __ eee NS NS NS <3 <3 <3 
Middleburg .- - - - - - - - - NS NS <3 <3 <3 <3 
Mount Pleasant-____ -- NS NS NS NS NS NS 
Newburgh. -_-__-__--_-- NS NS NS <3 <3 5 
3, = seaeeEe <3 7 NS <3 <3 7 
Oyster Bay_..-...--- NS NS NS NS <3 <3 
NS NS 8 <3 5 

i NS NS NS NS NS NS 
Yorkshire _ - NS NS NS NS NS NS 
, Sees NS NS NS NS NS NS 
ME, ntcconecnud <3 5 <3 <3 <3 4 























Iodine-131, pCi/liter 
Sampling location 
Jan- Feb- | March; April | May | June 
uary | ruary 
SS <20 <20 <20 <20 <20 <20 
pe NA NS NS NS NS <20 
— aaa NS NS NS NS NS NS 
SS RS a eS <20 <20 NS <20 <20 <20 
Clarktown - ---....-- NS NS NS 8 <20 <20 
Hest Otto. ........-- NS NS NS <20 NS NS 
Massena. --_--_-_.--- NS NS NS <20 <20 NS 
Middleburg - - - - - - - - NS NS <20 <20 <20 <20 
Mount Pleasant......| NS NS NS NS NS NS 
Newburgh- --- --_-- NS NS NS <20 <20 <20 
New York..........-| <20 <20 NS <20 <20 <20 
Oyster Bay-_----- _ NS NS NS NS <20 <20 
a te atc din cb vedee NS NS NS <20 <20 <20 
aphank_-__.-...--- NS NS NS NS D 
Teeee...5<...-.- NS NS NS NS NS NS 
Yorktowm. ......:... NS NS NS NS NS NS 
Average. _._- <20 <20 <20 <20 <20 <20 























NA, no analysis. 
NS, no sample collected. 


Table 7. Strontium-90 concentrations in 
New York milk, January-June 1966 


NA, no analysis. 
NS, no sample collected. 


Table 9. Cesium-137 concentrations in 
New York milk, January-June 1966 
































Strontium-90, pCi/liter Cesium-137, pCi/liter 
Sampling location Sampling location 
Jan- Feb- | March| April | May June Jan- Feb- | March! April May June 
uary | ruary uary | ruary 
Albany. .......-.--- NA NA 6 5 10 Sas. <thachuace 24 26 30 37 31 26 
(| ERE 12 NS NS NS NS NA pS SE A Oe: NA NS NS NS NS 28 
ET NS NS NS NS NS NS an dlatpadietele NS NS NS NS NS NS 
* RET s 14 NS 6 i eticacqssian 24 44 NS 52 29 <20 
Clarktown.......... NS NS NS NS <3 10 Clarktown.........- NS NS NS NS <20 <20 
EL cc cnencsen NS NS NS NA NS NS East Otto. ........-- NS NS NS 43 NS NS 
OS ane NS NS NS 9 9 12 Pe NS NS NS 55 53 NS 
Middleburg. - - - - ---- NS NS 8 3) 8 y Middleburg.- - - - - - - - - NS NS 36 74 34 22 
Mount Pleasant___--- NS NS NS NS NS NS Mount Pleasant-.-_-. - NS NS NS NS NS N8 
h NS NS NS 9 ce) 14 Newburgh. -.-. - - - - -- NS NS NS <20 <20 <20 
12 NS 14 13 16 ao See 43 22 NS 36 38 38 
NS NS NS NS q 10 Oyster Bay-_--- _. N& NS NS NS 56 47 
NS NS NS 8 6 Syonmene Sit ind at hie de NS NS NS 22 37 23 
NS NS NS NS NS NS bat opos'coe NS NS NS NS NS NS 
NS NS NS NS NS NS orkshire.-_.......- NS NS NS NS NS NS 
NS NS NS NS NS NS Yoruteowm........... NS NS NS NS NS NS 
11 ll 7 i) | 8 ll pO SS * 30 31 33 42 40 28 





























NA, no analysis. 
NS, no sample collected. 
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NA, no analysis. 
NS, no sample collected. 
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Figure 10. Radionuclide concentrations in New York milk, 1961-June 1966 


employs an ion exchange system similar to that trations since September 1961 are presented 
developed by Porter and Kahn (2). graphically in figure 10. 
The monthly average radionuclide concen- : : eid 
P Radiol l Health Dat d 
trations of strontium—89 (table 6), strontium— eure: ee saa 9 tuba ee 








90 (table 7), iodine-131 (table 8), and cesium- Period " leave s 
187 (table 9) are shown for January through er go Bag apen 188 
June 1966. Iodine-131 and cesium-137 concen- denell canary 1058 May 1966 


642 Radiological Health Data and Reports 














nd 








6. Pennsylvania Milk Network 
April-June 1966 


Bureau of Environmental Health 
Pennsylvania Department of Health 


Samples of pasteurized milk are routinely 
collected from 10 major milk consumption 
areas throughout Pennsylvania (figure 11). 
Two samples per week are collected in Philadel- 
phia and Pittsburgh, while weekly composite 
samples are collected from the other eight sta- 
tions. At each sampling location, subsamples are 
collected from the major dairies supplying the 
area and are composited in proportion to the 


amount of milk processed by each dairy. This 
composite is then sent to the Radiation Labora- 
tory of the Division of Occupational Health, in 
Harrisburg, where the weekly samples are com- 
bined for monthly analysis. Strontium—90 
analyses have been carried out since April 
1963. 

The chemical separation technique for stron- 
tium-90 is essentially an ion exchange method 
described by Porter and Kahn (2). 

The monthly average potassium—40, stron- 
tium-90, iodine-131, and cesium-137 con- 
centrations in pasteurized milk are given in 
table 10. For comparative purposes, strontium- 
90, iodine-131, and cesium—137 concentrations 
are presented graphically in figure 12. 
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Figure 11. Pennsylvania pasteurized milk network sampling locations 








CONCENTRATION (0Ci ter) 
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Figure 12. Radionuclide concentrations in Pennsylvania pasteurized 
milk, 1962-June 1966 
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Table 10. Radionuclide concentrations in Pennsylvania milk, April-June 1966 














Concentrations, pCi/liter 
Sampling location Month 
Potassium-40 | Strontium-90 | Iodine-131 Cesium-137 

Bs kn baavecustncsvsoe 0 rr 850 15 <10 32 
ee er 22 <10 24 

PR cwsessnucaness 910 14 10 27 

ND. occ k een cdessectvcd CO Eee 5 12 <10 26 
en Oe are ee 810 14 <10 37 

June. 889 16 10 22 

Pwéiccdiecnes ivtedssctane BE abidedénncanee 885 25 <10 49 
BOs ino hiaadp aces 926 22 <10 55 

SURDs on dnc scccteses 8 30 10 38 

Ph pidkeasthise cached Sctvat a> athe cima 893 15 <10 32 
Se eee 918 25 <10 35 

Sins khhenntcebved 8 27 10 50 

BONO db nvince canes scans cshcaseses sees 910 10 <10 24 
ea ee 15 <10 33 

PEbtcscackcotcses 899 16 10 23 

Philadelphia Se epee 750 10 <10 28 
ae 894 13 <10 33 

Pes caccnsatesee 11 10 26 

Ps 6uus neces ccscnnd aktatns ives os 896 21 <10 41 
Bete sssccesce-s 928 29 <10 45 

PL Rake eabebeonse 882 20 10 36 

ER ee eee Reb thenenssa 920 12 <10 26 
 hechae ohne weit 919 17 <10 27 

Geb sikeococcescan 12 10 30 

ME cans nectenasua Pbincanes cowunae 825 15 <10 28 
- See 792 14 <10 25 

ee ae 790 18 15 29 

ich d06nn060sssndessine April. 900 13 <10 32 
_ Sees 891 16 <10 21 

CU. « dank cmesboves 890 14 10 28 

Oe nsntwasnccevevnada pT Be eee See 9 15 <10 32 
_ 878 19 <10 34 

} CES RP 874 18 11 31 




















Previous coverage in Radiological Health Data and 


Reports: 
Period 
August-September 1964 
Annual summary 1964 


Annual summary 1965 
January-March 1966 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary 
intake of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically include: (1) the Public 
Health Service’s Institutional Total Diet 
Sampling Network, (2) the Atomic Energy 


Program 


Period reported 


Commission’s Tri-City Diet Study, (3) the 
Food and Drug Administration’s Teenage Diet 
Study, (4) the State of California’s Diet Study, 
and (5) the State of Connecticut’s Standard 
Diet Study. These networks provide data useful 
for developing estimates of nationwide dietary 
intakes of radionuclides. Programs most 
recently reported in Radiological Health and 
Reports and not covered in this issue are listed 
below: 


Last presented 





California Diet 
Institutional Diet, PHS 
Teenage Diet, FDA 
Tri-City Diet, HASL 


September—December 1965 
January—March 1966 
February—November 1965 
November 1965—January 1966 





September 1966 
October 1966 
August 1966 
September 1966 





1. Estimated Daily Intake of Radionuclides in 
Connecticut Standard Diet, 
July 1965-June 1966 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been analyzing a standard diet on a monthly 
basis since March 1963. These snalyses included 
strontium-89, strontium-90, and gamma- 
emitting radionuclides. 

The standard diet was selected to represent 
the food intake of an 18-year-old boy for 1 day 
(table 1). The total weight of the complete 
blended diet, averaging 3 kilograms, included 
milk and dairy products. When raw fruit or 


November 1966 


vegetables were sampled, they were washed 
before blending. 

Cesium-137 concentrations were determined 
by gamma-scintillation spectrometry (1). 
Strontium-89 and strontium—90 concentrations 
were determined by a chemical separation 
technique (1). 

Table 2 presents the analytical results for 
the Connecticut standard diet from July 1965 
through June 1966. 

Results representative of the total daily 
intake for the radionuclides observed are 
presented in table 3. 

In order to evaluate general trends, the 
strontium-90 and cesium-137 daily intakes 
from 1963 to the present are plotted as a func- 
tion of time in figures 1 and 2. 





Table 1. Foods included in standard diet Table 3. Daily radionuclide intakes in Connecticut 
standard diet, July 1965-June 1966 * 



















































































Bread, white— slices Ice cream—% pint 
eng LF sin pee, cao. —4-5 leaves Month Potassium | Strontium-90 | Cesium-137 
Celery, was and trimmed—3 Oatmeal, uncooked—43 grams (¢/day) (pCi/day) (pCi/day) 
stalks Orange—1 
Cookies—4 Peanut butter—2}4 tablespoons 1966 
Cottage cheese— cup Pears, canned—2 halves with juice EE itech Ea 5.7 NA 180 
Cupcakes—2 Potatoes, washed, not peeled—2 Rs seappaiileigeeaty 6.2 43.1 220 
Ege—1 Sugar—5 tablespoons September - _ ____-_---_- 6.8 39.2 160 
Green beans, washed— 4 cup Tomato juice—113 grams er 6.5 47.9 170 
Ham—85 grams Tuna fish, drained—43 grams November............ 6.6 33.4 140 
Hamburger—227 grams Pi cxescatend 7.1 37.0 110 
6.2 31.8 160 
7.4 40.8 90 
7.4 38.3 200 
7.3 42.3 130 
Table 2. Radionuclide concentrations in Connecticut 7.4 31.9 100 
standard diet, July 1965-June 1966 * 7.3 51.5 130 
Month Potassium | Strontium-90 Cesium-137 * All strontium-89 values <3 pCi/day for this period. 
(g /kg) pCi/kg) (pCi/ke) NA, no analysis performed. 
1965 
Paes ds venerwevececs 2.0 NA 60 
BR ot viet ic cwesisus 2.0 13.9 70 
September. -.........- 2.2 12.7 50 
Salada bey atakaiod 2:2 16.3 60 ak 
November.........--- 2.2 11.0 50 1 
eee 2.2 11.3 30 
January md 2.1 10.7 50 w+ 
LEE A A ‘ 4 
ee 2.3 12.4 30 § 
March 2.4 12.3 60 g 
i 2.4 14.1 40 Pod 
Pee cu kett es akccans 2.4 10.4 30 F ol ] 
PP chetechperneniece 2.3 16.3 40 z 
a 
& 
* All strontium-89 values <3 pCi/kg for this period. 
NA, no analysis performed. 20- 4 
0 eee OTT e TTT rer en sbaraas Dit iis Fererivare’ 
1963 1964 | 1965 1966 1967 
or 4 . 
Figure 2. Strontium-90 intake in Connecticut standard 
diet 1963-June 1966 
600 4 
$ 7 
3 
7 8 J | Previous coverage in Radiological Health Data and 
z we: Reports: 
B Period Issue 
vse 8 4 March 1963-—December 1964 July 1965 
January—June 1965 February 1966 
0 PPYVECUCTET? VYTTeeTTTTy (vr eEeeYtT A eRETEVOCETE CETEQETEWEE? 
1963 1964 1965 1986 1967 
REFERENCE 
(1) CONNECTICUT STATE DEPARTMENT OF 
‘ ; ? HEALTH. Estimated daily intake of radionuclides 
Figure 1. Cesium-137 intake in Connecticut standard diet in Connecticut standard diet, March 1963—December 
1963-June 1966 1964. Radiol Health Data 6:381-382 (July 1965). 
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Section II. Water 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross alpha and gross beta radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of 
primary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These Stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 
set the limits for approval of a drinking water 
supply containing radium-—226 and strontium— 


Program 
Colorado River Basin Sampling Network 
Drinking Water Analysis Program 
Florida Water Sampling Program 
Kentucky Water Sampling Program 
Lower Columbia River Radiological Survey in 


90 as 3 pCi/liter and 10 pCi/liter, respectively. 
Limits may be higher if total intake of radio- 
activity from all sources indicates that such 
intakes are within the guides recommended by 
FRC for control action. In the known absence ' 
of strontium-90 and alpha emitters, the limit is 
1,000 pCi/liter gross beta activity, except when 
more complete analysis indicates that concen- 
trations of nuclides are not likely to cause 
exposures greater than the Radiation Protec- 
tion Guides. Surveillance data from a number 
of Federal and State programs published 
periodically in Radiological Health Data and 
Reports are listed below: 





1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha emitters and strontium-90, re- 
spectively. 


Period reported Last presented 








1962-1964 November 1965 
1962 October 1965 
1964 November 1965 


May 1963—June 1964 March 1965 





Oregon August 1963—July 1964 October 1965 


Minnesota Surface Water Sampling Program July—December 1965 July 1966 
New York Water Sampling Program June—December 1965 June 1966 
North Carolina Water Sampling Program 1964 November 1965 
Radiostrontium in Tap Water, HASL May and July—November 1965 June 1966 
Washington Surface Water Sampling Program July 1964—June 1965 May 1966 


REFERENCES 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, revised 1962, PHS Publication No. 
$56. Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (March 


1963). 
(2 FEDERAL RADIATION COUNCIL. Radiation 
rotection Guidance for Federal agencies. Memor- 
andum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 


(3) FEDERAL RADIATION COUNCIL. Backgrouna 
material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 


(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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GROSS RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, MAY 1966 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Federal Water Pollution 
Control Administration’s Water Pollution Sur- 
veillance System. Table 1 presents the current 
preliminary results of the alpha and beta 
analyses. The radioactivity associated with dis- 
solved solids provides a rough indication of the 
levels which would occur in treated water, since 
nearly all suspended matter is removed by 
treatment processes. Strontium-90 results are 
reported quarterly. The stations on each river 


are arranged in the table according to their 
distance from the headwaters. Figure 1 
indicates the average total beta activity in 
suspended-plus-dissolved solids in raw water 
collected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the June 1966 issue of Radiological 
Health Data and Reports. 

Complete data and exact sampling locations 
are published in annual compilations (1-6) or 
are available on request. 

Special note is taken when the alpha radio- 
































Figure 1. Sampling locations and associated total beta activity (pCi/liter) in surface 
waters, May 1966 


648 


Radiological Health Data and Reports 











activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
the data, if needed. They reflect no public 
health significance as the Public Health Service 
drinking water standards have already pro- 
vided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. No discussion of gross 
radioactivity per gram of dissolved or 
suspended solids for all stations of the Water 
Pollution Surveillance System will be attempted 


at this time. Comments are made only on 
monthly average values. Occasional high values 
from single weekly samples may be absorbed 
into a relatively low average. When these values 
are significantly high, comment will be made. 

During April and May the following stations 
showed alpha radioactivity in excess of 15 pCi/ 
liter on dissolved solids: 


North Platte River: Henry, Nebraska 
South Platte River: Julesburg, Colorado 


Coolidge, Kansas, on the Arkansas River, 
dropped to 12 pCi/liter of alpha radioactivity 

































































Table 1. Radioactivity in raw surface waters, May 1966 
Average beta activity Average alpha activity Average beta activity | Average alpha activity 
pCi/liter) i/liter) (pCi/liter) i/liter) 
Stations Stations stata naieesiataarts haiti css satiate teatime tient 
Sus- Dis- | Total | Sus- Dis- Total Sus- Dis- | Total | Sus- Dis- | Total 
pended | solved pended | solved pended | solved pended | solved 
Animas River: North Platte River: 
Cedar Hill, N. Mex_- 4 4 8 1 1 | 2 Henry, Nebr----_--- 2 34 36 <1 19 19 
Arkansas River: Ohio River: 
Coolidge, Kans__..-.. 3 34 37 <1 12 12 Toronto, Ohio____._- 0 | 3 3 0 0 0 
Ponca City, Okla_-_- 38 31 69 6 3 9 .  Soeageee 4} 8 12 1 0 1 
Atchafalaya River: Pend Oreille River: | 
Morgan City, La. -__. 34 8 42 9 1 10 Albeni Falls Dam, 
Big Horn River: . =e 0 3 3 0 <1 <i 
Hardin, Mont_------ 3 19 22 <i 10 10 || Platte River: 
Chena River: Plattsmouth, Nebr...| 171 23 194 43 5 48 
Fairbanks, Alaska - - - 8 5 13 1 1 2 || Potomac River: 
Clearwater River: Washington, D.C_._- 3 4 7 1 0 1 
Lewiston, Idaho- __-- 4 2 6 <1 0 <1 || Rainy River: 
Clinch River: Baudette, Minn-__-_- 3 ll 14 <1 0 <1 
Clinton, Tenn_------ 5 3 8 1 0 1 || Red River, North: 
Kingston, Tenn *____- 2 43 45 0 <i <i Grand Forks, 
Colorado River: } =e il 38 49 1 4 5 
neem, Geom. ........ 37 i3 50 10 4 14 || Red River, South: 
 & Saar <1 20 20 0 6 6 Alexandria, La_ 37 9 46 7 0 7 
Boulder City, Nev__- 1 28 29 0 10 10 || Rio Grande: 
— Dam, Calif- El Paso, Tex-. ------ 11 20 31 3 3 6 
 ————e 1 27 28 0 a) 9 Laredo, Tex-----.-. 28 14 42 10 3 13 
Columbia River: Sacramento River: 
Wenatchee. Wash___- 10 3 13 0 0 0 Greens Landing, 
Pasco, Wash *______- 45 52 97 <1 1 1 Shp vekbicnceus 1 2 3 0 0 0 
Clatskanie. Ore____ -- 7 29 36 0 0 0 || San Joaquin River: 
Cumberland River: Vernalis, Calif____.-_- 13 14 27 Q 12 
Cheatham Lock, San Juan River: 
Tenn_. “ _ 3 4 7 1 0 1 Shiprock, N. Mex__-. 11 8 19 4 3 7 
Green River: Savannah River: 
Dutch John, Utah. -_- 1 16 17 0 3 3 Port Wentworth, 
THinois River: | aaa 2 10 12 0 0 0 
= ae 3 ll 14 1 1 2 || Snake River: 
Grafton, Iil__.___.-- 4 27 31 0 2 2 Payette, Idaho___---_- 2 11 13 <1 4 4 
Kansas River: Wawawai, Wash._.... 0 2 2 0 0 0 
DeSoto, Kans-___--- 2) 19 21 1 2 3 || South Platte River: 
Klamath River: mnciry . 2 65 67 0 40 40 
Keno, Ore--......-- 1 | 10 11 0 <1 <1 || Tennessee River: 
Maumee River: | Chattanooga, Tenn _. 1 7 s 0 0 0 
Toledo, Ohio. _-_---- 2 12 14 1 1 2 || Truckee River: 
Mississippi River: Farad, Calif... __-..- 1 2 3 0 0 0 
St. Paul, Minn_---_--. 2 16 18 0 2 2 || Wabash River: 
E. St. Louis, Tl - - -- 2 il 13 1 1 2 New Harmony, Ind_- 8 12 20 2 1 3 
New Roads, La 3 9 12 0 0 0 || Yellowstone River: 
New Orleans, La- 16 | 9 25 4 0 | 4 Sidney, Mont... -_- 19 li 30 5 3 8 
Missouri River: — —_— 
Williston, N. Dak -_. 6 14 20 2 4 6 || Maximum. ..-.....---- 171 65 194 43 40 48 
Bismarck, N. Dak. - - 1 14 15 0 2 2 io 
Yankton. 8. Dak- 1 25 26 0 4 4 || Minimum... ........-. 0 2 2 0 0 0 
St. Joseph, Mo... _-- 37 20 57 5 4 q 
Kansas City, Kans-- 50 23 73 10 5 15 
* Gross beta activity at this station may not be directly comparable to gross beta activity at other stations b of the possible contribution of radio- 
nuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally oceurring radi lides c to all stations. 
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on dissolved solids. Plattsmouth, Nebraska, on 
the Platte River showed an increase in alpha 
radioactivity on suspended solids to greater 
than 15 pCi/liter. 

During May, Pasco, Washington, on the 
Columbia River, has decreased in beta radio- 
activity on dissolved solids to less than 150 
pCi/liter. At Kingston, Tennessee, on the 
Clinch River, the beta radioactivity on dis- 
solved solids has decreased to nearly normal 
levels for the monthly average as well as for 
all of the weekly samples. 
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RADIONUCLIDE ANALYSIS OF COAST GUARD WATER SUPPLIES 


JANUARY-DECEMBER 1965 


U.S. Coast Guard '! and 
Division of Radiological Health * 


Beginning in October 1961, 1-galion samples 
of water have been obtained from seven Coast 
Guard Loran Stations in Alaska (figure 1). 

The prime source of potable water at the 
Adak Loran Station is Alpine Lake, which is 
at an elevation of 1,000 feet. The lake is 
occasionally frozen over with little snow cover 
each year from December through April. Water 
is delivered from the lake as needed through a 
2-mile pipe line to three 25,000-gallon concrete 


1U.S. Department of the Treasury 
2U.S. Public Health Service 


reservoirs. All water is chlorinated at the sta- 
tion before use. 

The Attu Loran Station’s prime source of 
potable water is Alout Creek Dam and 
reservoir. This water source is usually frozen 
over from November through April, with a 
frequent snow cover of 1 to 3 feet. A 1-mile pipe 
line feeds water by gravity to three 25,000- 
gallon concrete reservoirs at the station. The 
water is chlorinated before use. 

The Biorka Loran Station’s water comes 
from a lake that is often frozen over lightly 
from January to March. The water is fed by 
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gravity through a 1-mile-long insulated pipe to 
a pump house. From there it is pumped another 
mile to a 25,000-gallon steel storage tank from 
which it is fed by gravity one-half mile to the 
station, filtered, and chlorinated. 

The source of water for the Cape Sarichef 
Loran Station is a sniall dammed creek and 
reservoir. The reservoir is usually frozen over 
from December through April, with 1 to 3 feet 
of snow cover during that period. The water 
is pumped 114 miles from the dam to a 25,000- 
gallon steel storage tank above ground, from 
which the water is fed by gravity to the sta- 
tion, filtered and chlorinated. 

The Sitkinak Loran Station obtains its water 
from a natural lexe which is normally frozen 
over from December through April, with 3 to 
12 inches of snow cover during that period. The 
water is pumped from the lake through a 1,500- 
foot line to three 25,000-gallon concrete 
reservoirs at the station. The water is filtered 
and chlorinated as used. 

Port Clarence Loran Station’s source of 
water is two shallow, flatland lakes, which 
freeze solid to their depth of 114 to 3 feet from 
November through May. A variable snow cover 
of 1 to 5 feet is normal during this period. The 
water is pumped beneath the ice and seasonal 
frost to the station’s concrete cisterns of 
225,000-gallon capacity. Normally the entire 
capacity of the station’s tanks is topped off 
prior to December 1 and only a small amount 
of water is pumped from the lake area after 
that date, depending on the thickness of snow, 
ice, and frost cover during the winter months. 
At the time of the first thaw, usually in May, 
the station tanks are again filled and kept 
filled until the following winter freeze. All 
water is filtered and chlorinated before use. 


A natural hillside lake is Spruce Cape Loran 
Station’s source of water. The lake is generally 
ice-free throughout the entire winter season 
with only light snowfall and general slush. The 
water is pumped one-half mile from the lake to 
a 25,000-gallon wood-stave cistern from which 
it is fed by gravity to the station, filtered, and 
chlorinated. 

Water samples are analyzed for gross alpha, 
gross beta, barium-lanthanum-140, cesium-— 
137, iodine-131, ruthenium-103, ruthenium— 
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106, and zirconium-niobium-95. The radio- 
nuclide analyses are performed by gamma 
spectrometry. All analyses are performed by 
the Southwestern Radiological Health Labora- 
tory, Las Vegas, Nevada. The results of the 
gross alpha and beta analyses are reported in 
table 1. Values for specific radionuclide content 
are not reported, since in all cases they were 
below the respective minimum detectable levels 
(cesium-137, 5 pCi/liter; all others, 10 pCi/ 
liter). 
Table 1. Radioactivity in water samples from 


U.S. Coast Guard Loran stations 
January-December 1965 














Alaskan location Collection Gross alpha | Gross beta 
date 1965 (pCi/liter) (pCi/liter) 
Pst dod. wtisckee February 23. . _ NA 3 
Attu Island _ - >> a 0.1 13 
June 4_____- aa <0.1 8 
= 0.4 4 
RS 0.3 6 
Biorka Island___....._. .| January 13----. NA 23 
January 19---_- NA 3 
January 26--~.-_- NA 5 
February 16- - -- NA 24 
February 23 - - _- NA 26 
March 16_-..--- <0.1 14 
March 24....._. <0.1 7 
March 30_- <0.1 18 
SF RES <0.1 ll 
bd wasied <0.1 
BET OP cuwesnsa <0.1 17 
Cape Sarichef-_--_. ....-.-- February 11____ NA 3 
March 9_..._... <0.1 2 
-_ = ie <0.1 8 
3 See <0.1 3 
| ae <0.1 2 
July 6....-. 0.2 2 
August 12_.___- <0.1 4 
Port Clarence............| January 16- ---- NA 14 
February 17. __. NA 2 
February 18---_-_ NA 12 
arch 12... 0.8 8 
P|) ae 1.1 28 
SE satncees 1.1 18 
nm Sie onien 1.9 14 
MN Gthsewacdud 0.2 5 
August 3______. <0.1 18 
Sitkinak Island __----.--- January 13--__- NA 3 
February 13 -_ _- NA 16 
March 9... _- 0.3 20 
a =e <0.1 17 
SE Os wnakese <0.1 16 
May 16...._..- <0.1 5 
July 6... 0.4 20 
July 16....... <0.1 7 
Spruce Cape... -- .----| January 13... .. <0.1 <1 
| 0.2 4 
March 29 0.8 1l 
ay dp emcees al <0.1 11 
EES <0.1 7 
 » aa <0.1 4 
July 33......... <0.1 15 
DEN n. Sine amtinnge son 1.9 28 
Ee ee <0.1 <i 














NA, no analysis performed. 


Previous coverage in Radiological Health Data: 





Period Issue 
October 1961-April 1962 October 1962 
May-December 1962 August 1963 


November 1964 
November 1965 


January—December 1963 
January—December 1964 


Radiological Health Data and Reports 





ae Bee Ooeewsee eee ee ee 








RADIOACTIVITY IN CALIFORNIA WATERS 


JULY-DECEMBER 1965' 


Bureau of Radiological Health 
State of California Department 
of Public Health 


Gross beta activity in California domestic 
waters is monitored by the State of California’s 
Bureau of Radiological Health. The importance 
of this program in the State’s environmental 
surveillance activities stems from the fact that 
most of California’s domestic water supplies 
are of surface origin. 


1 Data from January and April 1966 issues of Radio- 
logical Health News, State of California Department of 
Public Health, Bureau of Radiological Health, 2151 
Berkeley Way, Berkeley 4, California. 


Radioactivity in such water supplies consists 
of the natural radioactivity in surface streams, 
radioactivity added by the discharge of sewage 
or by industrial waste effluents, and radio- 
activity from fallout, particularly fallout into 
open terminal or distribution reservoirs. 
Present efforts consist of sampling raw and 
treated surface waters and well waters. It 
should be noted that except for large metro- 
politan water supplies, raw water sampling is 
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Figure 1. California suriace water sampling stations 
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being phased out and treated water sampling source, raw surface waters (figure 1), although 
being substituted or continued. This procedural a few wells, along with some water supplies 
change is predicated upon sampling water at that use infiltration galleries, are also sampled. 
the point of consumption. Monitoring of domestic water supplies is on 

Most of the supplies sampled have as a a continuing basis, since it has not been possible 


Table 1. Gross beta activity in California domestic waters, July-December 1965 





Concentration, pCi/liter 














Sampling station Quality 
July | Aug | Sept | Oct | Nov | Dec 

BL AL 0S didn aiin cd dk Dodds oo Jowrs sin aioeGetecnoes 29 *5 *6 *12 *12 *15 
tl nnn skin idm is hpaniigmemies tein aad NS | #13} ND “2 *6 *8 
Lake peenetene A a oe ee ee ae NS *3 NS | #15 | #13 NS 
IS anti > upiedd ina s'aosunse ND *1/ #12} ND} ND #13 
Clearlake Highlands . *5 | ND “8 NS |} ND *8 
SE EEA ou Seda cs sredcckslavcsedecdvetse<< *1 ND} ND *7 ND *3 
I St obs chides wautbes abe cd sowds stNSbe cove *16| ND *2/| 220) *21 ND 
iin 0 oc ae ein da bekk in 6 cntnn ie pentinane ai *7/} *10/ *11/ ND *8 ND 
ah Oh cab edibescssdvotu cdedinctsehe stunces *1/ ND *6| ND *6 #19 
tal: tin tani, 6d demerniihe seen hiei de a urs batnon die *15| ND| ND *2| ND #12 
*7| ND *3| ND/| *®14 #12 
ts oe iden cdksicutbandtnous Uabbinae nei ND NS NS NS | #12 *2 
Los A: es Laboratory ted *24| ND} #12; ND *4 NS 
Marin a NS oo dit oh detdnnenacnbed Treated ND | ND *7|ND/| ND ND 
Ee tein ae Ut enh eninkitlt abn pisces ntaa<«s Raw ND} ND} *®17 NS “8 #13 

Metropolitan Water District of Southern California: 
i ade odd nkanacdandémnetdoosksde Raw NS *2| ND NS | *21 #14 
is bibs cdnckbGenucininbi' we ddactesd Treated *19 | ND *6 *7/| *18 31 





Crystal Spri: 
Hetch Hench 


























San Luis Obispo NS *8| ND NS ND 
Santa Barbara *18 a4 *8/ ND/| *13 ND 
Santa Cruz NS | ND NS NS NS NS 
ND NS NS} #12 *1 NS 
Ci. te oo ees on os pabandacccandebend ND} ND/| ND 5 *3 *5 
ak ue che Lancs dndiehincébtinaihbe de NS NS NS NS *2 NS 
oe era... oo cdo wshesavwoeacdaonted NS *9 NS NS NS #19 
OO LONE AEE LIE, A REET *6 *8 *1|)| ND a4 NS 
Valle} 
Fleming RE TESS Ook coke kcccccgeaceamecal Raw *2 *4| ND| ND 29 23 
Treated 4 *5 ND | ND ND 
NS es cw cdodwcccoceucneand Trea’ ND | *ll ND | ND| #15 22 
Tr Sa Sear. Treated *7| ND| ND *6 “2 9 
TNE 6 gids «ons kes bb cide cndoaosangoose< *8 *5 NS NS | *10 NS 
EY JiR nathan kehisotobectabegoacccese 96 17 35 30 21 31 
Ns ci cee ned ck cena aenbckabiennashesed 1 1 1 2 1 2 














* When the counting rate of the sample i » not equal to at least twice the 0.95 error, the value reported is the best 
estimate. but is not statistically significan 
> Sh in pCi/g ( weight). 
Ne no sample 


D, no detectable activity. 
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Table 2. 


Radionuclide concentrations in California surface water 1962-1965 





Sampling station and date 


Concentration, pCi/liter 























Potassium-40 | Manganese-54| Zirconium- Cesium-137 Cerium-141- | Strontium-89 | Strontium-90 
niobium-95 cerium-144 
Antioch 
December sgt -Bhey eee 2.6 0.6 ND 0.2 N *0.9 2.4 
July-December 1964___........_- *1.4 *0.2 N 0.8 0.0 0.0 0.3 
January-July 1965 ER AF *1.6 *0.1 20.1 *0.1 0.0 NA 1.0 
Berkele: 
July- mber 1963 _ _- 2.6 ND 0.3 0.3 ND 48.0 1.1 
January-June 1964___ i 5.2 0.9 2.8 0.5 0.6 *2.0 1.5 
July-December 1964___.......... 13.0 0.0 0.0 1.0 ND NA 1.1 
January-June 1965_.............. 20.6 *0.2 ND 0.3 *0.2 0.9 
Chula Vista 
February—July 1963. ._........... *2.7 2.2 N 0.5 ND * 14.6 0.7 
August 1963-January 1964_...___- 6.4 0.6 *0.4 0.5 0.5 *0.2 1.7 
Clear Lake 
June-December 1963--..........-- 3.7 ND ND *0.7 2.7 
Crescent City 
June—December 1963_-........... 3.0 0.4 *0.6 0.2 0.3 ND 0.1 
July-December 1964___.......... 20.5 ND ND *0.1 *0.2 0.0 0.2 
Dos Pal 
July 1963-January rs Gti aed 2.3 ND 4.2 1.0 N 4.5 0.9 
May-—August 1964._..._________. *0.3 *0.2 ND *0.1 0.4 0.0 0.4 
October 1964—January 1965_._.... *3.3 *0.5 *0.1 *0.3 *0.7 A 0.6 
May-September 1965_-_.......-- *1.4 *0.1 ND 0.2 N NA 
El Centro 
May-October 196 ND ND ND ND ND ND , 2.6 
November Wea Apa 1963_ 3.8 0.7 ND *0.1 10.7 ND 0.5 
May-July 1963 *1,2 3.5 ND 3.3 3.6 ND 0.6 
September 1963-—March 1964--_-_ 4.9 1,1 ND 1.0 0.3 NA 1.3 
et gs 1964 12.0 3.1 D 0.8 83.0 NA 1.4 
ovember 1964—May 1965........ *#1.4 *0.4 ND 0.4 *0.6 NA A 
Eureka 
January-June 1963.............-- 3.4 *0.2 *0.9 .2 4 NA 0.1 
July-December 1963. _.........-- ND ND 97.4 ND ND ND 0.3 
January-June 1964._...........-- 22.5 16.6 53.3 17.7 46.9 6.2 7.8 
July-December 1964. _.........-- *1.0 ND ND 1.6 ND NA 0.2 
Marin Municipal Water District 
June—October 1963_..........-..- *3.3 1.0 *2.4 ND 5.3 ND 1.2 
November 1963-March 1964- -..-- 3.8 *0.1 1.5 ND 0.3 *1.0 0.9 
March-August 1964._.._.......-- 5.3 *0.4 ND *0.4 3.0 0.0 0.9 
Metropolitan Water District 
of Southern California 
Lake Matthews 
July-December 1963 _--...._-.-- ND 0.6 2.2 0.2 1.5 *0.5 1.1 
Weymouth Plant 
January-June 1964___.........- *1.0 ND ND ND 0.3 ND 0.4 
July-December 1964-_.._....-- ND ND ND NA ND 0.0 1.8 
Millerton Lake 
July-December 1963 -_.........-.- NA A NA NA NA *0.8 0.9 
January-June 1964. _.._......... *0.5 ND ND 0.6 ND 0.0 1.0 
July-December 1964-__.........-- *1.2 *0.1 ND 0.4 ND 0.0 1.3 
Montere 
July 1963- January a Ee: *1.8 0.6 ND *0.1 ND ND 0.3 
January-June 1964_............-- 2.1 ND *0.3 0.2 0.4 0.0 0.3 
July-December 1964-__......_.-.- *1.6 0.0 ND ND 0.0 0.0 0.3 
January-June 1965............... 5.2 *0.4 *0.4 *0.1 *0.4 N 0.5 
“Ge 
tober 1963—March 1964- - - - - .-- 4.8 ND 5.9 NA 0.3 NA 0 
il-December 1964_..........-.- *1.4 ND ND 0.9 0.1 0.0 1.1 
ae tee ta alla Retlpadaleg ats *2.1 *0.2 D NA 0.7 NA A 
North Marin Water District 
July-December 1963. _........-.-.- 3.3 ND 4.2 1.3 ND ND 3.5 
January-June —. a alc tian OES, 3.8 ND ND 0.2 *0.1 0.6 0.6 
July-December 1964 atuiscomsante 5.0 *0.1 ND *0.1 ND 0.0 2.5 
January-June 1965_...........-- 4.1 *0.2 ND *0.1 *0.3 NA 1.3 
Oroville 
California Water Service 
November 1964—March 1965 - - - - *0.4 *0.1 ND 0.2 ND NA NA 
wy Are Soptemaber RR *0.6 *0.1 ND *0.1 *0.1 NA NA 
dotte ~ tion District 
ovem March 1965. - -- *0.2 *0.1 0.1 ND ND NA 1.0 
pose tN Be otencieend *0.9 *0.1 ND 0.2 ND NA NA 
Tuly“December NRE ES? S ND 0.6 2.0 0.5 1.9 ND 0.9 
January-June 1964.............-- ND ND 1.0 0.2 2.0 *0.9 0.5 
July-December icectesasieas *3.4 *0.7 1.0 1.0 0.1 0.8 0.8 
January-June 1965_............-.- *0.9 *0.1 ND *0.1 ND NA NA 





























See footnotes at end of table. 
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Table 2. Radionuclide concentrations in California surface water 1962-1965—Continued 





Concentration, pCi/liter 















Sampling station and date | 
Potassium-40 | Manganese-54 Zirconium- Cesium-137 Cerium-141- | Strontium-89 | Strontium-90 
niobium-95 cerium-144 
Sacramento 
July-December 1963 _______------ 2.7 ND | 3.1 *0.2 | 0.7 NA 1.7 
January-June 1964._...........-- *0.7 ND ND ND 0.4 0.0 2.9 
July-December 1964__.......-.-- *1.0 *0.1 | ND *0.3 ND 0.0 0.8 
January—October 1965... .....---- *1.6 ND ND *0.2 20.2 N NA 
San Diego 
May-November 1963............- 3.5 ND 0.4 0.8 2.4 *9.7 4.1 
November 1963-June 1964 56.8 8.8 NA 12.7 NA ND 4.8 
July-December 1964 - - _ _ - al 3.8 ND | ND 0.3 *0.1 0.0 1.1 
January-June 1965...........--.- 4.5 *0.2 | ND 0.6 0.4 NA 0.3 
San Francisco | 
August 1963-February 1964-_----- ND 0.5 | 2.4 0.2 0.7 7.5 1.1 
February—October 1964...._....-- 88.8 14.4 1.5 8.9 ND 0.0 1.5 
San Jose 
January-June 1964_..........-.-- *0.8 *0.1 ND *0.1 ND *0.2 0. 
July-December 1964____....._--- *1.0 ND .2 1.4 ND 0.0 0.5 
January-June 1965__...........-- *1,1 N ND *0.1 ND NA 0.3 
Santa Barbara 
December 1962-June 1963 ---.-.-- 6.3 ND 23.4 0.4 9.7 24.7 2.9 
August 1963-February 1964_---_-- *0.3 0.3 5.7 ND 1.5 NA 2.6 
March-December 1964--_--_.-.-.--- ND 5.8 3.5 10.5 NA NA 9.8 
October 1964-February 1965 - - -- -. ND ND ND ND ND NA ee 
March-July 1965-_........------- 3.5 *0.1 ND 8 0.7 NA 1.0 
Santa Cruz 
January-July 1963_..........-.--- ND ND *0.6 ND *0.5 D .6 
January-May 1964__........_----. 3.8 *0.5 *3.6 ND 4.4 *1.3 3.1 
May-November 1964........-.--- 12.0 NA NA 2.3 3.4 0.0 0.4 
Santa Rosa 
July-December 1963. _.....-.---- ND 0.5 2. ND 1.4 20.4 0.2 
January-June 1964__.........---- *0.5 0.4 ND 0.6 ND ND 0.2 
July-December 1964---....---.--- *1.4 *0.3 80.5 *0.1 0.0 0.0 0.1 
January-June 1965............--- *0.2 *0.1 ND ND | 0.5 NA 0.2 
Scotia 
July-December 1964--.........-- 3.5 2.2 5.8 1.5 1.6 0.0 0.5 
Tahoe City 
June—December 1964... _..--.--.-- ND ND ND 0.1 ND 0.0 0.3 
— Se #1.5 ND *0.4 0.3 ND NA 0.3 
ia! 
January-June 1964_..........-.--- 7.8 ND 15.9 ND 1.6 0.0 0.4 
Vallejo 
January-June 1965. ._.....-...-.-- $457 *0.2 ND *0.1 *0.1 NA 1.2 
Willits 
ET GUUD Cid k onsicwiieacétocam 7.5 0.9 5.0 0.3 2.2 42.1 0.6 
Yosemite 
July 1963-January 1964--.......- 4.5 1. 12.5 0.4 1.4 11.5 1.5 
January-December 1964- - -- --- --- *0.8 ND ND *0.5 0.7 0.0 as3 
January-June 1965_..........---- *0.5 *0.2 *0.4 0.4 ND NA 1.2 





























® When the counting rate of the sample is not equal to at least twice the 0.25 error the value reported is the best available estimate 


Gory significant. 
D, no detectable activity. 
NA, no analysis reported. 


to forecast levels of radioactivity in these sup- 
plies based upon levels in rain, snow, or sur- 
face streams. Under the present sampling 
schedule, monthly 500-ml samples are collected 
and the total solids analyzed for alpha and beta 
radioactivity. In addition, 3-liter samples are 
collected monthly for approximately 6 months 
and composited for specific radionuclide 
analysis on a semiannual basis. 


Analytical procedures 


Radionuclide analyses of water are carried 
out in the State’s Sanitation and Radiation 
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, but is not statis- 


Laboratory. Measurements of alpha and alpha- 
plus-beta activities are made with a low-back- 
ground, windowless gas-flow proportional 
counter. Counting methods used follow those 
recommended by the U.S. Public Health Service 
(1). 


Individual samples are evaporated to dry- 
ness and the residue ashed at 450°C. The ashed 
sample is dissolved and transferred to an 
aluminum planchet for beta counting. Gamma- 
emitting radionuclides are determined annually 
on the composite samples. 
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Discussion 

Table 1 shows the monthly average beta 
activity in the suspended-plus-dissolved solids 
in surface water supplies in California from 
July through December 1965. Following treat- 
ment, these waters are used for industrial and 
domestic purposes. Because alpha activity in 
water has, in general, been undetectable or very 
slight, alpha activity analyses are not 
presented. No increase in radioactivity level of 
surface water has been observed. Table 2 shows 
specific radionuclide concentrations in Cali- 
fornia surface waters semiannually by stations 
from 1962 to 1965. Data for 1960 to 1963 were 


published in the March 1965 issue of Radio- 
logical Health Data. 
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(1) PUBLIC HEALTH SERVICE, DIVISION OF 
RADIOLOGICAL HEALTH. Radionuclide analyses 
of environmental samples, R 59-6. Radiological 
Health Research Activities, Robert A. Taft Sanitary 
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July-December 1964 September 1965 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the 
earliest indications of changes in environmental 
fission product activity. To date, this surveil- 
lance has been confined chiefly to gross beta 
analysis. Although such data are insufficient 
to assess total human radiation exposure from 
fallout, they can be used to determine when to 
modify monitoring in other phases of the 
environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Program 


Period reported 


trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to the programs presented 
in this issue, the following program was pre- 
viously covered in Radiological Health Data and 
Reports: 


Last presented 








HASL Fallout Network 


July—December 1965 


September 1966 





1. Radiation Surveillance Network 
July 1966 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radia- 
tion Surveillance Network (RSN), Division of 
Radiological Health, Public Health Service, 
which regularly gathers samples from 74 sta- 
tions distributed throughout the country 
(figure 1). Most of the stations are operated 
by State health department personnel. 

The alerting function of the network is 
provided by field estimates of the gross beta 


activity of airborne particulates on the filters. 
These determinations are performed about 5 
hours after the sampling period to allow for 
decay of naturally-occurring radon daughters. 
The network station operators report (by tele- 
phone) field estimates greater than 10 pCi/m* 
(except for Hawaii, Alaska, and Puerto Rico, 
which report estimates greater than 5 pCi/m*) 
to the Radiation Surveillance Center, Division 
of Radiological Health, Washington, D.C. Field 
estimates and laboratory measurements of daily 
concentrations and the estimated ages for 
selected samples are reported in the monthly 
RSN report (2). When unusually high air levels 
are reported, appropriate Federal and State 
officials are promptly notified. 
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Figure 1. Radiation Surveillance Network sampling stations 


Sampling and analytical procedures 


Airborne particulates are collected continu- 
ously on carbon-loaded cellulose dust filters 4 
inches in diameter. About 1,800 cubic meters 
of air are drawn through a filter during the 
24-hour sampling period. The filters are for- 
warded to the RSN laboratory in Rockville, 
Maryland, where the gross beta activity is 
measured 4 days after the sampling period and 
again 7 days later if the net count rate is 2,000 
cpm (approximately 1 pCi/m*). By using the 
two counts and the Way-Wigner formula (3), 
the age of fission products is estimated and the 
activity at time of collection determined.' Addi- 
tionally, analyses for specific radionuclides may 
be performed. 

The total precipitation is sampled continu- 
ously at most RSN stations on a daily basis, 
using funnels with collection area of 0.4 square 
meter. If the rainfall exceeds 0.2 inch, the 
precipitation sample is analyzed for gross beta 





1If a sample contains a mixture of fresh and old 
fission products, the age estimated by the Way-Wigner 
formula is some intermediate value; consequently, the 
calculated age of the fresh component will be over- 
estimated. 
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activity (2). Additionally, analyses for specific 
radionuclides may be performed. 

In the laboratory the gross beta activity in 
evaporated precipitation samples is calculated 
by the same method used for analyzing the 
air filters. Total deposition (D) is determined 
by the equation: 


D (nCi/m?) = 
concen (pCi/liter x pptn depth (mm) 


et 1,000 


Selected air and precipitation samples are 
analyzed by gamma spectrometry to determine 
the presence of fresh fission products. The 
methods discussed by Burrus (4) and Covell 
(5) were adapted for resolving the complex 
gamma spectra. 

Monthly values of gross beta activity in air, 
total deposition, and depth of precipitation are 
given in table 1 for July 1966. Time profiles of 
gross beta activity in air for eight RSN sta- 
tions are shown in figure 2. Gamma spectro- 
scopy analysis was performed on 305 air 
samples. No fresh fission products were posi- 
tively identified on air samples during July 
1966. 
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Table 1. Gross beta activity in surface air and precipitation, July 1966 


























Number Air surveillance Precipitation 
of samples (gross beta activity, pCi/m') Last 
profile 
Station location in RHD 
&R Total Total 
Air Pptn Maximum Minimum Average * depth deposition 
(mm) (nCi/m?) 
Ala: | ee Se a a 31 4 0.30 <0.10 <0.14 | Nov 66 50 <10 
Alaska: clas Gm os nos edie minal ghalh 31 <0.10 <0.10 <0.10 | June 66 (°) 
er nod a onawg c Gal mene otal 18 6 0.26 <0.10 <0.14 | Mar 66 16 <3 
Ss. cy owawesnattudhscdl eve 22 <0.10 <0.10 <0.10 | July 66 (°) 
RRR = ong ie oe 16 2 <0.10 <0.10 <0.10 | Apr 66 9 <2 
ee Shan ni ca c em memiinaatl 19 8 0.12 <0.10 <0.10 | July 65 86 <17 
BS 0 cote saboudle oo~Csenacane 16 <0.10 <0.10 <0.10 | May 66 (¢) 
OES AS ee a nn bade noan ode 7 0.12 <0.10 <0.10 | Sept 66 (¢) 
Se IEDs Si Fonte weboeaucescnces 27 <0.10 <0.10 <0.10 | Aug 66 (*) 
Oa eS 30 <0.10 <0.10 <0.10 | Oct 66 (*) 
Ariz Phoenix. ---_-- 27 0.35 <0.10 <0.17 | July 65 (¢) 
Ark Little Rock- 20 4 22 <0.10 <0.12 | Mar 66 98 <20 
Calif rkeley - - . 30 <0.10 <0.10 <0.10 | May 66 (°) 
Los Angeles_ 20 0 <0.10 <0.12 | Sept 66 (*) 
C.Z: Anc6n____- 16 <0.10 <0.10 <0.10 | May 66 (°) 
Colo: Denver -- -- _- 30 6 0 <0.10 <0.14 | May 66 18 4 
Conn ER ae 31 6 0.25 <0.10 <0.15 | Apr 66 56 <li 

: ESS ee eee ae 20 0.23 <0.10 <0.17 | Nov 66 (°) 

D.C: SNE E ” “hoeaar ae 23 4 0.28 <0.10 <0.16 | Aug 66 12 <2 

Fla: ESP TE SapeRRIT 30 10 0.18 <0.10 <0.11 | Mar 66 148 <30 
NS ST EE Ge St 30 11 0.24 <0.10 <0.12 | Apr 66 176 <35 

Ga BG barn nt acetic tate atibetnsed (>) 7 Oct 66 100 <20 

Guam ERS RE 5 erase iced 28 0.13 <0.10 <0.10 | Feb 66 (¢) 

Hawaii EL sons cert decdkeneduant 31 1 0.13 <0.10 <0.10 | July 66 10 <2 

Idaho: Na a 29 0.29 <0.10 0.17 | July 66 (¢) 

1: Springfield hr Rh NS Oo Et te 30 2 0.29 <0.10 <0.16 | Aug 66 18 <4 
Ind: | Sse S les 31 8 0.30 <0.10 <0.18 | Oct 66 56 <i1l 
lowa: IN cukk:s oho cach citiowelet« inane 30 4 0.35 <0.10 <0.17 | May 66 104 <21 
Kans A SS bins oc bce widbiihn 6 nae edniitesl 31 3 0.32 <0.10 <0.14 | Mar 66 19 <4 
Ky Frankfort (O56 R53 i Ry 0. at aR 27 5 0.33 <0.10 <0.17 | Aug 66 <6 
La ATR ER I aN 31 13 0.26 <0.10 <0.13 | Aug 66 243 <49 
Maine ik inn Aine incited wai gine 31 9 0.27 <0.10 <0.16 | Sept 66 47 <9 

“RRS ae eae ae 24 6 0.20 <0.10 <0.13 | May 66 62 <13 
Md SS SEER HE 19 2 0.30 <0.10 <0.19 | Apr 66 16 <3 
I 22 ith ntis iu cen csheewwecena 17 0.23 <0.10 0.17 | July 66 (*) 
Mass: ae. oi ised oc dca 31 7 0.33 <0.10 <0.20 | Nov 66 79 <16 
I tat. oh... a ckb iden nan 28 8 0.23 <0.10 <0.14 | June 66 65 <13 
Mich: Bn  OLEC Sb. cd bu dacdebaacecds 31 6 0.26 <0.10 <0.15 | July 66 37 <7 
Minn Rb nhs Cin abinacestthkweonced 19 4 0.20 <0.10 <0.14 | Feb 66 73 <15 
Miss NA Bie cn Beh So batch ondiinens 30 4 0.37 <0.10 <0.13 | Sept 66 63 <13 
Mo te ie a aaa 31 6 0.29 <0.10 <0.14 | Oct 66 59 <12 
Mont eg cee EEE co ae aemowiee 31 2 0.29 <0.10 0.20 | June 66 s <2 
Nebr SEER SRE CSET he eee 20 2 1.74 <0.10 <0.21 | Oct 66 20 <4 
Nev ack odin gdp athens cacao & 25 0.33 <0.10 <0.18 | Apr 66 (°) 
N.H SE SERPS Tos ere 20 0.26 <0.10 0.20 | Aug 66 (°) 

J RT secu tasers chtycandlcVabolis déwe 30 2 0.26 <0.10 <0.17 | Sept 66 <1 
N.M Pc sbndtewn ansbewswcecons $a% 29 7 0.25 <0.10 <0.13 | June 66 36 <7 
N.Y AES AEN A Ee aa ai 19 0.43 <0.10 <0.17 | Oct 66 57 <12 

Cee ie ising 30 0.23 <0.10 <0.15 | May 66 (*) 
hE Sok he id icy one 30 0.30 <0.10 <0.14 | June 66 (°) 
N.C: ARES AE a ae ae 31 0.27 <0.10 <0.16 | May 66 43 <9 
ts. As PIR oka. Sa IELE . cs chew nan 29 6 0.36 <0.10 <0.16 | Aug 66 54 <i1l 
Ohio EE eee Se «pee ae ee 20 0.18 <0.10 <0.11 | Nov 66 (¢) 
ine cine eit bee Sib w 31 9 0.51 <0.10 Sept 66 119 <24 
EIGER TIS ai 5 7" aa 31 3 0.30 <0.10 0.18 | Apr 66 16 <3 
Okla: SSPE eee ae 29 2 0.26 <0.10 <0.12 | July 66 <1 
bd aie ni cchgeskacncahawees 25 6 0.17 <0.10 <0.11 | Apr 66 81 <16 
Ore: Nn Unk sitdhien > Jshas <td phwind 31 6 0.19 <0.10 <0.12 t 66 21 <4 
: 2 0.24 <0.10 <0.12 | Oct 66 <2 
5 0.42 <0.10 <0.15 | Sept 66 109 <22 
8 0.25 <0.10 <0.14 | July 66 70 <14 
6 0.27 <0.10 <0.13 | June 66 101 <20 
3 0.36 <0.10 <0.16 | July 65 66 <13 
5 0.25 <0.10 <0.13 | July 66 81 <16 
2 0.66 <0.10 <0.16 | Nov 66 7 <i 
4 0.27 <0.10 <0.13 | Aug 66 15 <3 
5 0.34 <0.10 <0.17 | Sept 66 7 <2 
s 0.27 <0.10 <0.16 | Mar 66 <ll 
6 0.23 <0.10 <0.14 | Mar 66 129 <26 
6 <0.10 <0.10 <0.10 | Mar 66 29 <6 
0.30 <0.10 <0.15 | Feb 66 (°) 
a 0.26 <0.10 <0.15 | June 66 105 <21 
6 0.21 <0.10 <0.13 | Mar 66 107 <22 
5 0.29 <0.10 <0.14 | Apr 66 <16 
291 1.74 <0.10 <0.14 59 <12 





























* The monthly average is calculated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 for 
aversqne purposes. od more than 10 percent of the samples contain <0.10 pCi/m!, a less-than sign is placed before the average. 
0 report receiv 
* No precipitation sample collected. 
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Figure 2. Monthly and yearly profiles of beta activity in air—Radiation Surveillance 


November 1966 


Network, 1960-July 1966 
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2. Canadian Air and Precipitation 
Monitoring Program 
July 1966? 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations (fig- 
ure 3) are located at airports, where the sam- 
pling equipment is operated by personnel from 
the Meteorologic Services Branch of the De- 
partment of Transport. Detailed discussions 
of the sampling procedures, methods of 
analysis, and interpretation of results of the 
radioactive fallout program are contained in 





2 Prepared from August 1966 monthly report “Data 
from Radiation Protection Programs,” Canadian De- 
peste of National Health and Welfare, Ottawa, 

anada. 





reports of the Department of National Health 
and Welfare (6-10). 


Air sampling procedure and results 


Each air sample involves the collection of 
particulates from about 650 cubic meters of air 
drawn through a_ high-efficiency 4-inch 
diameter glass-fiber filter during a 24-hour 
period. These filters are sent daily to the Radia- 
tion Protection Division Laboratory in Ottawa 
for analysis. 

To determine the beta activity, a 2-inch 
diameter disk is cut from each filter and 
counted with a thin-end-window, gas-flow, 
Geiger-Mueller counter system calibrated with 
a strontium-yttrium—90 standard. Four succes- 
sive measurements are made on each filter to 
permit correction for natural activities and for 
the decay of short-lived fission products. The 
results are extrapolated to the end of the sam- 
pling period. Canadian air data for July 1966 
are presented in table 2. 


Precipitation collection and analysis 


The amount of radioactive fallout deposited 
on the ground is determined from measure- 





WHITEHORSE 


A 
i) 


YELLOWKNIFE 


', FORT CHURCHILL 


EDMONTON 


6 
VANCOUVER SASKATOON 
LGanyo o 








soul? QVINNIFEG 


D7 OYA 








Figure 3. Canadian air and precipitation sampling stations 
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ments on material collected in _ special 
polyethylene-lined rainfall pots. The collection 
period for each sample is 1 month. After trans- 
fer of the water to the sample container, the 
polyethylene liner is removed, packed with the 
sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 
all samples on arrival at the laboratory. Other 
carriers are added to selected samples depend- 
ing upon the specific radionuclides to be deter- 
mined. The samples are then filtered and the 
filtrate evaporated to near dryness. The filter 
paper containing insoluble matter together 
with the polyethylene liner is then ignited and 
ashed at 450°C. The ash is combined with the 
soluble fraction, transferred to a glass planchet, 
evaporated under an infrared lamp, and then 
counted with a thin-end window Geiger-Mueller 
counter calibrated with a strontium-yttrium- 
90 source. 

The monthly precipitation samples represent 
the total deposition of radioactive materials on 
the earth’s surface. The July 1966 gross beta 
deposition values are given in table 2. 


Table 2. Canadian gross beta activity in 
surface air and precipitation, July 1966 





























Air surveillance Precipitation 
activity, pCi/m* measurements 
Number | 
Station of Average | Total 
samples} Maxi- | Mini- concen- | deposi- 
mum mum |Average| trations tion 
(pCi/ (nCi/ 
liter) m?) 
Colony Tea 30 0.4 0.0 0.2 54 6.1 
Coral Harbour 31 0.3 0.0 0.1 NS NS 
Edmonton _-----.- 31 0.3 0.0 0.1 77 vay 
Ft. Churchill _ - - -- 31 0.2 0.0 0.1 95 0.7 
Ft. William _-_---. 31 0.2 0.0 0.1 23 1.0 
Fredericton____--- 31 0.2 0.0 0.1 59 4.3 
Goose Bay--..... 13 0.2 0.0 0.1 13 2.7 
RS EY 31 0.2 0.0 0.1 64 2.9 
Se aoe 31 0.3 0.0 0.1 46 1,2 
Montreal 14 0.3 0.1 0.2 59 4.2 
Moosonee.. - --- - - 31 0.3 0.1 0.2 NS NS 
CMO. 0 nike cues 31 0.3 0.0 0.2 52 4.1 
| ae ae. 30 0.2 0.1 0.1 48 3.3 
Regina__-__-_- 31 0.4 0.0 0.2 119 3.4 
Resolute -____-.-- 31 0.1 0.0 0.0 94 1.4 
St. John’s, Nfid - - 30 0.2 0.0 0.1 24 2.0 
Saskatoon_____-_- 30 0.3 0.0 0.2 95 4.6 
Sault Ste. 5 29 0.3 0.0 0.2 97 3.2 
TGnke ts. ona 31 0.4 0.1 0.2 109 1.9 
Vancouver_.____- 31 0.2 0.0 0.1 45 2.9 
Whitehorse__-__-__- 31 0.2 0.0 0.1 79 2.5 
Winer e CER 31 0.4 0.1 0.2 34 3.4 
Winnipeg. ----... 31 0.4 0.0 0.2 40 3.4 
Yellowknife wosa’ 31 0.2 0.0 0.1 79 1.2 
Network summary _ _— 0.4 0.0 0.1 64 3.1 

















NS, no sample. 





3. Mexican Air Monitoring Program 
May and June 1966 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién 
Nacional de Energia Nuclear (CNEN), México, 
D.F. From 1952 to 1961, the network was 
directed by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was re- 
structured and its name changed to Direccién 
General de Seguridad Radiolégica (DRS). The 
network consists of 16 stations (figure 4), 
11 of which are located at airports and 


November 1966° 


operated by airline personnel. The remaining 
five stations are located at México, D.F., Mérida, 
Veracruz, San Luis Potosi, and Ensenada. Staff 
members of the DRS operate the station at 
México, D.F., while the other four stations are 
manned by members of the Centro de Previsién 
del Golfo de Mexico, the Chemistry Department 
of the University of Mérida, the Institute de 
Zonas Déserticas of the University of San Luis 
Potosi, and the Escuela Superior de Ciencias 
Marinas of the University of Baja California, 
respectively. 


Sampling 


The sampling procedure involves drawing 
air through a high-efficiency 6- by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day, 
using high-volume samplers. 
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Figure 4. Fallout network sampling stations in Mexico 


After each 20-hour sampling period, the 
filter is removed and shipped via air mail to the 
Seccién de Radioactividad Ambiental, CNEN, 
in México, D.F., for assay of gross beta activity, 
allowing a minimum of 3 days after collection 
for the decay of radon and thoron. The data 
are not extrapolated to the time of collection. 


Table 3. Mexican gross beta activity of 
airborne particulates, May 1966 


Statistically, it has been found that a mimimum 
of eight samples per month were needed to get 
a reliable average activity at each station (11). 

The maximum, minimum, and average fission 
product beta concentrations in surface air 
during May and June 1966 are presented in 
tables 3 and 4. 


Table 4. Mexican gross beta activity of 
airborne particulates, June 1966 























Number | Gross beta activity, pCi/m* Number Gross beta activity, pCi/m* 
Station | of 52 3 DR ia’ > oe PL GE CRA DSTO Ese ei Station of = 
| samples | j | samples l 
| Maximum | Minimum | Average Maximum | Minimum | Average 
AO ER I .  s CGR Het ERS FRG * tT TE CO TMT ea 
| | / | | 
Acapulco... _ - NS | Acapuleo__._.....-- | NS | 
Chihuahua... _.....-_-- 11 | 3.7 | <0.1 1.0 Chihuahua... _.__.-_-| 8 | 7.3 | 0.3 | 3.0 
Ciudad Juarez- .. - nai 15 2.6 | 0.1 0.5 Ciudad Juarez... .....-.-} 15 | oR} 0.2 | 0.6 
Ensenada... _- -| 3 0.3 | -2 | 0.2  Ensenada_....-...-. | NS | 
Guadalajara. - | 10 | 0.6 | 0.1 | 0.2 Guadalajara_........-.-| NS | 
Guaymas....-. . peal 9 | 0.5)  <0.1] 0.3 Guaymas..---........-| 5 1.3 0.3 | 0.6 
i ebihchackequcnss 4 | 0.2 | 0.1 | 0.1 Ob Sapa 11 0.8 | 0.2 | 0.4 
Matamoros... NS | | Matamoros... -_.._......- | NS 
Mazatlan... _... Ns | Masatlén............- 15 3.2 | 0.3 | 0.9 
Mérida. --. -_- : 9 | 1.5 | 0.1 | 0.8 a asta 12 | 0.9 0.1 0.5 
México, D.F__....- 6 | 0.2 | 0.1) 0.1 México, D.F........-..- | 9 1.3 0.1 0.5 
Nuevo Laredo. _........ 9 | 0.6 0.1 0.2 Nuevo Laredo... .....--| 9 1.6 0.2 | 0.6 
| i 
San Luis Potosi - 14 | 3.6 | <0.1 | 0.6 San Luis Potosi -. NS | 
Tampico. _._.....- 8 | 1.2 <0.1 | 0.4 WIND. 6 Hee snke usb | 12 1.9 | 3 0.8 
Eh dine sm 6 dem 15 | 2.2 0.1 | 0.5 nas Giliie te mano ol 15 3.8 | 0.1 0.7 
Veracruz.....-..------- 8 | 1.1 | 0.1 | 0.5 1.0 | 1 | 0.4 


ba ee ye 16 | 





NS, no sample collected: station temporarily shut down. 
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NS, no sample collected: station temporarily shut down. 
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4. Pan American Air Sampling Program 
July 1966 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO), 
and the U.S. Public Health Service (PHS) to 
assist PAHO member countries in developing 
radiological health programs. The sampling 
equipment and analytical services are provided 
by the Division of Radiological Health, PHS, 
and are identical with those employed for the 
Radiation Surveillance Network. The air sam- 
pling station locations are shown in figure 5. 


Table 5. PAHO gross beta activity in 
surface air, July 1966 





R Number Gross beta activity, pCi/m!* 
Station location 














Argentina: Buenos Aires- - - -| 19 a. oO <0.10 | <0.38 
Chile: Santiago. -- . - _- 30 46.56 | <0.10 | <3.74 
Colombia: Bogota. -. -  - 1 <0.10 | <0.10 | <0.10 
Ecuador: Guayaquil - - _ - 30 13.72 | <0.10 | <1.69 


Jamaica: Kingston - - - 








i) 
a 
o 
= 
_ 
A 
So 
_ 
o 
A 
o 
- 
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West Indies: Trinidad. _ -| 19 | 
—_|— 
| 
| 


Peru: Lima... 72.04 | <0.10| <9.44 
Venezuela: Caracas_- -- 15 <0.10 <0.10 | <0.10 

<0.10 | <0.10 <0.10 
Pan American summary 176 72.04 <0.10 | <1.95 





*® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If 10 percent or more of the samples from a station 
contain <0.10 pCi/m', a less-than sign is placed before the average. 


The July 1966 air monitoring results from 
the participating countries are given in table 5. 
Fresh fission products, presumably from the 
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Figure 5. Pan American Air Sampling Program stations 
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French test on July 2, 1966, were identified as 
shown in table 6. 


Table 6. Occurrence of fresh fission 
products in PAHO samples 





Peak gross beta 
activity, pCi/m* 





Station | Inclusive date 








(at time of 
| collection) 
Ninh saniiiedestheichediass adh 
he 
SS eee ree ere Te July 12-20, 1966 _ -| 72.04 
Santiago, Chile....... ee J A 7-11, 1966 ___- 46.56 
Buenos Aires, Ar —- ..--| July 9-13, 1966- - - -- 6.71 
Guayaquil, Ecuador ----...--- July 14-22, 1966 - =| 13.72 





The activities observed on these PAHO air 
samples were comparable to those observed at 
the various U.S. stations during Chinese test- 
ing. 

A slight increase in activity was also noted 
during the last week of July 1966 at Santiago, 
Chile. Gamma analysis of the July 30, 1966, 
Santiago sample and a sample from Lima, Peru, 
for August 1, 1966, showed small quantities of 
fresh fission products. 





5. Plutonium in Airborne Particulates 
April-June 1966 


Division of Radiological Health 
Public Health Service 


The Radiation Surveillance Network (RSN) 
of the Division of Radiological Health, Public 
Health Service, located at Rockville, Maryland, 
is continuing routine analysis for plutonium in 
air particulates. These analyses were initiated 
during 1965 as part of the mission to establish, 
maintain, and operate a national surveillance 
network to measure radioactivity in the 
environment. 

Air filters from eleven RSN stations are 
analyzed monthly for plutonium. Each daily 
filter is counted for gross beta activity and for 
gamma emitters by gamma spectrometry 4 to 5 
days after collection. For plutonium analysis, 
a monthly composite is made of one-half of 
each individual sample for each station. Each 
composite representing 10,000 to 20,000 cubic 
meters of air is analyzed by gamma spectro- 
metry prior to the plutonium analysis. 
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Data for the months of November 1965 
through March 1966, with details of the method 
of collection and radiochemical analysis, were 
presented in an earlier report (12). Results for 
April to June 1966 are given in table 7. 


Table 7. Plutonium in airborne particulates 











April-June 1966 
Plutonium content, pCi/1,000 m*» 
Station location 
April May June 

Alaska: Anchorage. -------.---.-.----- 0.194 0.079 0.096 
Se 0.369 0.239 0.215 
Sa 0.198 0.239 0.191 
Hawaii: Honolulu. --_-.---......---- 0.154 0.117 0.087 
La: New Orleans.............-...-- 0.149 0.110 0.169 
EE Mc accndcs nccccacetess 0.111 0.174 0.202 
oe er eee 0.159 0.159 0.208 
Biot DL cd hen san tncnnccenadeus 0.092 0.146 0.119 
Oy SPS WOOK, 0. 0c o~-anicdbiadanues 0.149 0.197 0.132 
EE GUNNA. ik cxc wenccccennesieeee® 0.144 0.134 0.151 
WEEE s oo nap enndcsonnentans 0.095 0.004 0.051 














® Plutonium includes plutonium-238, plutonium-239, and plutonium-240. 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sampling, 
and environmental monitoring reports. 


ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 





1 Part 20, “Standards for Protection Against Radia- 
ton,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402. 


ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by the AEC’s Division of Opera- 
tional Safety in directives published in the AEC 
Manual.' 

Summaries of environmental radioactivity 
data follow for the Lawrence Radiation Labora- 
tory and the Mound Laboratory. 





1. Lawrence Radiation Laboratory 
July-December 1965? 


University of California 
Berkeley, California 


Berkeley Site 


The Berkeiey site of the Lawrence Radiation 
Laboratory (LRL) is located to the east of the 
University of California campus (figure 1). 
Winds are generally westerly; annual rainfall 
is 23 inches, most of which usually falls during 
the period from November through April. 
Technical facilities include a 6.3 BeV proton 
accelerator (Bevatron), a 700—MeV cyclotron, 
a 10—MeV linear accelerator, an 88-inch cyclo- 
tron, and various chemistry and physics 
laboratories. 





? Summarized from “Results of Environmental Ra- 
dioactivity Sampling Program,” Lawrence Radiation 
Laboratory, second half 1965. 


November 1966 


The environmental sampling program in- 
cludes monitoring of the atmosphere, surface 
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Figure 1. Environmental sampling locations at the 
Berkeley site 
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and ground waters, sewage, rain, and dry 
depositions. Three types of atmospheric 
samples are taken: stack samples, local area 
samples, and perimeter samples. 

Approximately 110 “stacks” with potential 
for releasing radioactive contaminants are 
sampled continuously at a flow rate of 1 liter 
per minute. The 1l-inch-diameter filters are 
changed weekly and counted for beta activity 
by an end-window Geiger-Mueller tube, and for 
alpha activity by a thin-window proportional 
counter. Local area and perimeter air samples 
are taken at locations on the laboratory site and 
at the property line, respectively. The samples 
are obtained on 4- by 9-inch HV-70 filter papers 
at 4 cubic feet per minute. The filters are 
changed weekly and counted for alpha activity 
by a thin-window proportional counter, and for 
beta activity by a 30-mg/cm’? end-window 
Geiger-Mueller tube. A 40 percent loss in the 
alpha count is assumed for self absorption. The 
average levels of activity observed in each type 
of sample are given in table 1. 


Table 1. Atmospheric monitoring, Berkeley site 
July-December 1965 
| | Average concentrations 
Cua 








Sampling locations Number of |___ 


(number of locations) samples | 
Alpha Beta 
activity | activity 
———--- —- —— —— — —|--- —_] -—-—--—|--—-— 
Lt) |) ee eae | 4,612 0.008 | 2.0 
Local area (10)______-- 253 0.001 | gi 


Perimeter (4).......-..--- — 102 | 0.001 | 





Rain and dry deposition samples are collected 
monthly in 18-inch-diameter cylindrical vessels 
lined with polyethylene bags at local area and 
perimeter sites. Aqueous samples are poured 
into beakers and evaporated. Dry samples are 
obtained by rinsing the bags with dilute nitric 
acid and concentrating the resulting solution by 
evaporation. Final evaporation is conducted in 
2-inch-diameter stainless-steel planchets, which 
are flamed and coated with a thin lacquer film. 
The planchets are counted for alpha activity in 
an internal-flow proportional counter and for 
beta activity with a _ thin-window, low- 
background Geiger-Mueller flow counter. No 
correction is made for self-absorption in the 
sample. Deposition data are given in table 2. 
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Table 2. Total deposition, Berkeley site 
July-December 1965 





‘ 

| Average concentrations 
| 

| 


(nCi/m?) 
Sampling locations A RS ee ee 
(number of locations) samples | 

} Alpha | Beta 

activity | activity 
--——----- - |---| -- -———|- _ 
Local area (10) - - Last --| 58 0.15 | 2.86 
Perimeter (4)_-------- _— 

| 





Water samples are taken from sewers, onsite 
streams, and offside streams. Two sewer lines 
serve the LRL area. The “Hearst” sewer 
receives waste from the larger part of the area. 
A sampling system takes a continuous propor- 
tional sample from the Hearst sewer as it leaves 
the laboratory boundary. Samples are also 
taken of waste feeding into the Hearst sewer 
from buildings 70, 70A, and 71. The “Straw- 
berry” sewer receives waste from the southeast 
part of the laboratory site. A monitoring sta- 
tion takes a continuous proportional sample 
from this sewer. Continuous samples are also 
taken from the acid waste systems in building 
74 which is the most likely contributor of radio- 
activity to this sewer line. The concentrations 
of radioactive wastes in sewage, shown in table 
3, are either those observed directly in samples 
from the sewer line or those calculated from 
samples taken from contributing waste streams, 
whichever has the higher value. Strawberry 
and Blackberry Creeks comprise the labora- 
tory’s storm drainage. These are sampled 
weekly at three locations. Two other nearby 
offsite streams are also sampled weekly. All 
water samples are handled in the same manner 
as rain samples. The results from the water 
sampling program are presented in table 3. 


Table 3. Water monitoring, Berkeley site 
July-December 1965 





| | ee. 
Average concentrations 








| (pCi/liter) 
Type and source of sample Number of |_ shi tite ie teen 
samples | 
Alpha Beta 
activity activity 
| | 
Sewage: 
Hearst sewer. ...........-- 34 0.42 34.7 
Strawberry sewer _ _ - 25 0.05 26.0 
Pe EE. woasease-s.. | 24 0.03 3.0 
Surface water: | 
Onsite streams. - - - - - -- -| 77 0.80 7.8 
Offsite streams-____ - ws Bis 52 0.54 3.5 
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Livermore site 


The Livermore site of LRL (figure 2) is 
located about 50 miles southeast of San 
Francisco, California. Annual precipitation in 
the Livermore Valley is about 14 inches; pre- 
vailing winds are from the west with frequent 
nocturnal! inversions. Technical facilities in- 
clude a small cyclotron, a 2-megawatt 
swimming pool reactor, and physics and 
chemistry programs associated with a weapons 
development program. 
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Figure 2. Environmental sampling locations at the 
Livermore site 


An environmental sampling program is 
maintained to provide information regarding 
the effectiveness of control measures and to 
determine whether any radiological changes in 
the environment are the result of laboratory 
operations. The sampling program includes air 
particulates, soil, domestic water, sewer effluent, 
and sewage plant products. Air samples are 
collected to ascertain that control efforts are 
restricting the release of radioactivity from the 
laboratory to levels which do not exceed the 
permissible levels for the neighborhood around 
an atomic energy facility. The water samples 
are collected to monitor radioactivity in an 
underground water supply which provides most 
of the domestic water for the cities of Liver- 
more and Pleasanton, and is the sole supply for 
ranches in the Livermore and Amador Valleys. 

Air samples are collected continuously at 15 
sites within 5 miles of the laboratory. Samples 


November 1966 


are collected at a rate of 4 cfm on 100-square 
centimeter HV-70 filter papers, which are 
changed after every 7 days of operation. A 
minimum decay period of 96 hours is observed 
before the samples are counted to eliminate 
the effect of natural radon and _ thoron 
daughters. 

All environmental air samples are counted 
in an automated system which utilizes gas flow 
proportional detectors for both alpha and beta 
activities measurements. Alpha activity in 375 
air samples averaged 0.0009 pCi/m‘, while beta 
activity averaged 0.072 pCi/m*. 

The measurement of low-level “background” 
radiation during the 6-month period was ac- 
complished with fluoroglass dosimeters 
located at nine points on the site perimeter and 
at two nearby ranches. The dosimeters, which 
have a detection limit of 50 mR, were read 
after 6 months of exposure. Only one dosi- 
meter, opposite one _ irradiation facility, 
indicated detectable external radiation amount- 
ing to an average dose rate of 0.02 mR/hr for 
the 6-month period. The average dose rate at 
the laboratory perimeter, based upon this one 
detectable dose, was determined to be less than 
0.01 mR/hr. 


Domestic. water samples are _ collected 
monthly from nine nearby areas. No water 
sample showed an alpha concentration above 
the limit of sensitivity (5.0 pCi/liter) for the 
automatic gas flow proportional detection sys- 
tem. The beta activity ranged from less than the 
limit of sensitivity (1.8 pCi/liter) to 12.3 pCi/ 
liter. The average beta concentration was 2.8 
pCi/liter. 

Samples are collected every Monday, Wednes- 
day, and Friday at the sewer line leaving the 
southwest project boundary, where it connects 
with the Livermore domestic sewerage system. 
Grab samples are collected monthly at the 
Livermore Sewage Disposal Plant to assure 
that the liquid effluent from the laboratory is 
not creating abnormal radioactivity concentra- 
tions either in the oxidation ponds (which 
overflow into a natural waterway) or in the 
dried sludge (which is used as an agricultural 
soil conditioner). Radioactivity levels in the 
raw sewage, oxidation ponds, and dried sludge 
are summarized in table 4. 
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Table 4. Environmental sampling, Livermore 
July-December 1965 





Average concentration 
eee ras 


Type of sample 
is Alpha Beta 


activity activity 
SE RS SRS Ee Oe ee SN LORS eee) Sey ee 
| 
Raw sewage, pCi/liter__________-- Tail 5.4 | 61 
Oxidation ponds, pCi/liter._......-..------| 4 70 
Dried sludge, pCi/g_---.---------------- 60 | 18 
i 





Samples of top layer soil are collected 
quarterly at the 19 sampling stations surround- 
ing the Livermore site. The alpha activity fluc- 
tuated from less than the limit of sensitivity 
(1.5 pCi/g) to 12 pCi/g. The beta activity fluc- 
tuated from less than the limit of sensitivity 
(3.5 pCi/g) to 25 pCi/g. The average alpha 
concentration was 2.0 pCi/g and the average 
deta concentration was 9.9 pCi/g. The concen- 
trations are in the normal range for soil in the 
Livermore Valley. 
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Figure 3. Sampling locations at Site 300 
Lawrence Radiation Laboratory 


Site 300 


Site 300 (figure 3) is located in a very 
sparsely populated ranching area about 17 
miles southeast of the Lawrence Radiation 
Laboratory at Livermore. Air and water sam- 
ples are taken to determine whether operations 
at Site 300 are changing the normal radio- 
activity in levels in the vicinity. The eight air 
samplers at Site 300 are operated at about 50 
cfm on a continuous basis with the filter papers 
being changed on an irregular schedule. Most 
of these air samplers are located within the 
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boundaries of the test site due to unavailability 
of power facilities offsite. Water samples are 
taken from six onsite wells because they are 
the only readily accessible sources of under- 
ground water. Samples are collected from 
streams only during the winter months when 
water flow exists. Soil samples are collected 
monthly at nine offsite locations. Only top layer 
soil is collected to determine fallout concentra- 
tions. All air, water, and soil samples are proc- 
essed at the laboratory in Livermore. The 
average radioactivity levels in all types of 
samples are summarized in table 5. 


Table 5. Environmental sampling, Site 300 


July-December 1965 





Average concentration 


Type of sample 





Alpha } Beta 

activity activity 
npaeantinsiatinnssnamnaiansiimpetiial senanenehes om an Eeeeenee Senne 
Air, pCi/m'......-..- BAR RST 9! SS: | 9.0004 | 0.069 
2 BR a ene a | <5.0 | 5.3 
ey PNY Oivhndci cbeddccs ce ccnciduscegiess 4 | 15 





Previous coverage in Radiological Health Data and 
Reports: 


Period 


July—December 1961 
Calendar year 1962 


Issue 


October 1962 
October 1963 








Calendar year 1963 October 1964 
January—June 1964 May 1965 
July-December 1964 November 1965 
January—June 1965 May 1966 


2. Mound Laboratory 
July-December 1965° 


Monsanto Research Corporation 
Miamisburg, Ohio 


During the period covered by this report, 
radioactive materials from Mound Laboratory 
did not contribute any measurable penetrating 
radiation, such as gamma or hard beta, to the 
environment. Of the radionuclides in use at 
Mound Laboratory, only polonium-210, pluton- 
ium-239, and hydrogen-3 (tritium) are po- 
tential environmental contaminants. 





’ Summarized from “Environmental Monitoring Re- 
port: July-December 1965 and 1965 Summary” (MLM- 
). 
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The environmental monitoring program, 
conducted by the Monsanto Research Corpora- 
tion, is planned and coordinated with regard to 
all of the various projects performed in the 
laboratory. Air and water monitoring methods 
and results are discussed below. 


Air monitoring 


Mobile air monitoring equipment, mounted 
on a 1-ton panel truck, for measurement of 
tritium and collection of particulate alpha 
emitters, was used in the routine monitoring of 
environmental air at 96 locations within a 
radius of 20 miles from the laboratory during 
the collection period. The choice of sites on a 
given day was dependent upon the wind direc- 
tion at the time of collection. 

During the 6-month period ending December 
1965, 328 samples were evaluated for air- 
borne tritium. In all cases, tritium was non- 
detectable. 


A total of 309 air samples were collected ° 


and analyzed for possible polonium and pluton- 
ium contaminants in the environment. A long- 
lived gross alpha determination was made on 
filter paper samples after a sufficient time had 
elapsed to permit the decay of the short-lived 
daughter products of radon and thoron. The 
filter paper samples were counted for alpha 
particle emissions in a low background propor- 
tional counter. The average measured concen- 
trations of alpha activity in air are summarized 
in table 6. No specific determinations of 
polonium-210 or plutonium-239 were made, 
since the gross alpha activity remained sub- 
stantially below the environmental limits for 
these nuclides. 


Table 6. Atmospheric monitoring of long-lived 
alpha concentrations, Mound Laboratory 
environs, July-December 1965 





| 
| Number of | 








Sampling locations Average 
(number of sites) | samples | concentration 

(pCi/m*) 
Upwind from laboratory (16) __...__--- 52 0.0014 
Downwind from laboratory (95)... ...-.- 309 0.0025 








Water monitoring 


Liquid radioactive waste materials from 
polonium and plutonium operations at the 
laboratory are processed in special waste dis- 
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posal plants designed to reduce radioactivity to 
a concentration at which it may be discharged 
to the Great Miami River. 

Helium-3, which is purified at the Mound 
Laboratory, contains small quantities of 
tritium. Liquid wastes from this operation are 
treated separately to assure that the radio- 
activity level is below the maximum per- 
missible concentration before discharge to the 
Great Miami River. 

Weekly water samples are collected from a 
drainage ditch and five locations along the 
Great Miami River as shown in figure 4. Addi- 
tional samples are taken quarterly at more 
distant downstream points. The drainage ditch 
carries all storm sewer water and liquid tritium 
and treated plutonium wastes from the plant 
site. Sampling location number 2 (figure 4) 
is located at the point of discharge of the labo- 
ratory polonium waste disposal plant effluent to 
the Great Miami River, and number 6 at 
Franklin, Ohio, is 5 miles downstream from 
the effluent outlet. 
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Figure 4. Water sampling locations, Mound Laboratory 
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All of the river samples are analyzed for 
polonium-210. The drainage ditch samples and 
some of the river samples are analyzed for 
hydrogen-3 (tritium). The drainage ditch 
samples are also analyzed for plutonium—239. 
Average concentrations of hydrogen-3 (tri- 
tium), polonium-210, and plutonium-—239 are 
given in table 7 for the final 6 months of 1965. 


Previous coverage in Radiological Health Data and 
Rports: 





Period Issue 
January—June 1962 March 1963 
July 1962-—June 1963 April 1964 
July-December 1963 November 1964 
January—June 1964 May 1965 
July—December 1964 November 1965 
January—June 1965 May 1966 


672 


Table 7. Offsite water monitoring for radioactivity 
. Mound Laboratory environs, July-December 1965 





Nuclide and sampling locations * 


Polonium-210 
2 (laboratory effluent) - - - - - - 
3 (250-yards downstream) - -- 
4 (Chautauqua Road Bridge) - - --- .---- 
5 (Chautauqua Dam) 
6 (Franklin, Ohio) - 


SEE ee eee 
CS Ee ae 
7 miles upstream from New Baltimore, 
a ee 
New Baltimore, Ohio 
Miamitown, Ohio 
Elizabethtown, Ohio._..........-.-.-.-- 


Hydrogen-3 (tritium) 
sk. ccc wees 
2 (laboratory effluent) _.............--- 
4 (Chautauqua Road Bridge) - - - - - - - -- - 


Plutonium-239 
1 (drainage ditch) - - 


Number of 
samples 


Average 


(pCi/liter) 





320, 000 
430,000 
50,000 





160 


—o ooooh 


oo92 





* See figure 4 for sampling locations. 


concentration 


toe tO 


coco ¥*o 
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Section V. Technical Notes 


REPORTED NUCLEAR DETONATIONS, OCTOBER 1966 


During October 1966, no U.S. nuclear tests 
were reported. Detection of a Soviet test and 
of one detonation on the Chinese mainland was 
announced by the U.S. Atomic Energy Com- 
mission. On October 19, 1966, seismic signals 
originating from the Soviet nuclear test area 
in the Semipalatinsk region also were recorded. 
The signals were equivalent to those of a nu- 
clear test in the low-intermediate (20 to 200 
kilotons TNT) yield range. 

On October 27, 1966, it was announced that 
the Soviet Union conducted an underground 


November 1966 


test in their northern testing area of Novaya 
Zemlya. Seismic signals indicated a yield with- 
in the intermediate-to-high yield range (200 
kilotons to more than a megaton TNT equiv- 
alent). 

Also on October 27, 1966, the Atomic Energy 
Commission detected a nuclear explosion in the 
general area of the Chinese nuclear test site 
at Lop Nor. Preliminary estimates indicated a 
yield in the low to low-intermediate range 
(under 20 to 200 kilotons TNT equivalent), 
similar to that of the first Chinese test. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


NUCLEAR POWER PRODUCTION AND ESTIMATED KRYPTON-85 
LEVELS. J. R. Coleman and R. Liberace. Radiological Health Data and 
Reports, Vol. 7, November 1966, py. 615-621. 


Worldwide environmental levels of krypton-85 are projected to the 
year 2060, based on published estimates of population increase and pre- 
diction of world power needs. Factors considered include estimates of 
the growth of nuclear reactor power as a fraction of total power produc- 
tion, the “mix” of the reactor economy (thermal, thermal converter, and 
fast breeder systems), and the decay rate of the krypton-85 inventory. 
Krypton-85 buildup is discussed in relation to population dose and also 
to the possible effect of krypton-85 contamination on the uses of noble 
gases. 


KEY WORDS: environmental contamination, fast breeder system, 
krypton-85, noble gases, nuclear energy, nuclear reactor power, popula- 
tion dose, thermal converter system, thermal system, year 2060. 


FILM BADGE SERVICE PERFORMANCE. D. E. Barber. Radiologi- 
cal Health Data and Reports, Vol. 7, November 1966, pp. 623-626. 


Approximately 2,000 film badges were irradiated with various types 
and energies of radiation to provide measures of film badge service ac- 
curacy upon which provisional performance control limits could be based. 
Exposures ranged from 2 milliroentgens to 497 roentgens. Film badge 
services 1) helped design the test procedures, 2) submitted badges for 
exposure, 3) reported exposure interpretations, and 4) assisted in deter- 
mining provisional performance control limits. A measure of accuracy 
called an error factor was determined for each service for each type 
and energy of radiation in the test. These error factors are tabulated 
to show the accuracy of the film badge services tested. Frequency dis- 
tributions of the error factors served as the basis for selection of provi- 
sional control limits to be used to define acceptable performance. 


KEY WORDS: beta exposure, fast neutron, film badges, gamma, 
National Sanitation Foundation, K-radiation. 
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SYMBOLS, UNITS, AND EQUIVALENTS 





Units Equivaients 





equals GeV 
3.710" drs 
centimeter(s) 0.394 inch 
counts per minute 
disintegrations per minute 
disintegrations per second 
electron volts 1.6 10-2 ergs 
gram(s) 
giga electron volts 1.6 X 10-3 ergs 
kilogram(s) 1,000 g=2.205 Ib 
square kilometer(s) 
kilovolt peak 

cubic meter(s) 
milliampere(s) 
millicuries per square mile 0.386 nCi per square 
meter (mCi/km?) 
million (mega) electron volts...| 1.610-* ergs 
milligram(s) 
square mile(s) 
milliliter(s) 
millimeter(s) 
.| nanocuries per square meter__-| 2.59 mCi per square 
mile 

picocurie(s) 10-12 curie = 2.22 
dpm 

roentgen 
unit of absorbed radiation dose_| 100 ergs per gram 











INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 





—_2 


submultiples 


Prefixes 


Ff 
> 





Ree 


tera 

nga 

mega 
kilo 
hecto 
deka 
deci 
centi 


445 


“SPER ORAS OH 


PRbLESREE 


micro 
nano 
co 
emto 
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